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AUTHOR'S   PREFACE. 


The  design  of  the  present  Work  is,  to  bring  together 
b  a  series  of  historical  discourses,  the  whole  of  An- 
cient and  Modern  Geography,  in  such  a  manner  as  to 
fumisb  the<  reader  with  a  lively  picture  of  the  whole 
terraqueous  globe,  with  all  its  different  countries — the 
memorable  places  which  they  contain — the  tribes  of 
men  by  which  they  have  been  successively  peopled, 
and  those  which  at  the  present  moment  are  its  inhabi- 
tants. It  appears  an  immense  undertaking,  when  we 
consider  how  many  varied  details  require  to  be  com- 
bined in  a  work  of  moderate  size,  ft  might  even  ap» 
pear  rash  in  its  nature,  when  we  contemplate  the  cha- 
racters of  the  different  subjects  embraced  in  it — sub- 
jects which  have  usually  been  consigned  to  erudite  rath- 
er than  to  elegant  pens,  and  have  been  regarded  as 
susceptible  of  no  brilliancy  of  literary  composition,  or 
depth  of  philosophical  remark. 

The  diffidence  which  the  prospect  of  so  many  diffi- 
culties naturally  creates,  has,  however,  yielded  to  a 
thorough  conviction,  that  the  science  of  geography  ad- 
mits of  beii^  made  very  different  from  what  it  now  is. 
We  have  thus  reasoned  :  Is  not  geography  the  sister 
and  rival  of  history  ?  If  the  one  enjoys  the  empire  of  uni* 
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yersal  time,  docs  not  the  other  rightfully  claim  that  of 
place  ?  If  the  one  has  the  power  of  recalling  past  ge- 
nerations should  not  the  other  exert  that  of  fixing  in  one 
scene  the  shifting  pictures  of  history,  by  delineating  to 
the  mind  the  permanent  theatre  of  the  poor  and  brief 
transactions  of  mankind,  strewed  with  the  wrecks  of 
numerous  empires ;  and  describe  the  course  of  nature, 
constantly  occupied  in  repairing,  by  its  beneficial  ope- 
ration, the  ravages  arisii^  from  human  disoord  ?  Does 
not  a  description  of  the  globe  intimately  connect  itself 
with  the  study  of  human  nature,  human  manners,  and 
human  institutions?  Does  it  not  offer  information  of 
the  utmost  importance  to  the  political  sciences?  Is 
not  this  department  always  brought  fully  into  view  be* 
fore  a  complete  form  can  be  given  to  any  branch  of 
natural  history?  And  does  it  not  supply  literatortt 
with  a  boundless  treasure  of  feelings  and  of  images? 

These  considerations  have  cherished  in  our  minds 
the  hope  of  raising  for  geography  a  monument  not  un* 
worthy  to  rank  along  with  the  pleasii^  compositions 
by  which  history  has  been  adorned.  Many  long  years 
would  indeed  be  requisite  to  confer  on  such  a  work 
that  degree  of  perfection  which  it  is  natural  to  desire. 
In  publishing  it  in  a  state  short  of  this,  we  find  osr-^ 
selves  excused  by  the  urgent  demands  made  on  us  for 
a  '^  Treatise  on  Geography.'^  The  attempt  now  laid 
before  the  public  will,  we  hope,  with  fill  its  imperfeci 
tions,  satisfy  the  wishes  of  those  who  complain  that 
there  is  an  absolute  want  of  a  work  by  which  geogra*; 
phy  may  be  learned,  without  the  risk  of  contracting  i^ 
permanent  disrelish  for  this  branch  of  instruction.^ 
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We  presume  to  trust  that  our  compend  may  be 
qualified  to  senre  as  a  guide  to  any  professor .  who  is 
ambitious  of  teaching  geography  in  a  profitable  man- 
ner;— that  in  the  more  advanced  seminaries  it  may  be 
pot  into  the  bands  of  pupils; — ^and  that  it  will  not  be 
an  unacceptable  present  to  adults,  who  have  long  pass- 
ed their  period  of  tuition,  and  wish  to  acquire  instnic- 
tioD  by  private  reading. 

It  is  the  Author's  most  ambitious  wish,  that  his  work 
may  obtain  the  suffrages  of  those  real  philosophers, 
wbo^  in  every  science,  set  even  less  value  on  its  useful 
economical  results,  than  on  the  intellectual  enjoyment 
and  the  improvement  which  the  study  of  it  implies. 

The  fcMoYf'mg  is  the  arrangement  of  the  present 
work:  It  w})l  begin  with  the  general  theory  of 
geography,  consisting  of  its  Mathematical,  Physical, 
and  Political  princifJe& — From  astronomy  we  shall 
bwrow  the  requisite  information,  respecting  the  figure, 
size,  and  motions  of  our  planet ;  from  geometry,  the 
views  which  are  most  necessary  for  understanding  the 
art  of  representing,  in  small  plans,  the  exact  form  of  the 
lands  and  the  seas ;  we  shall  explain  the  method  of  de- 
termiuii^  the  actual  distances  of  places,  and  comparing 
with  one'  another  the  measures  employed  in  different 
countries. 

Proceeding  next  to  the  physical  picture  of  the  globe, 
we  shall  take  a  view  of  the  leading  features  of  nature ; 
the  mountains  which  diversify  the  surface  of  the  land^ 
the  seas  which  bound  its  outline,  and  the  rivers  and  the 
valleys  by  which  it  is  intersected.  We  shall  seek  our 
way  downward,  through  caverns  and  through  mines* 
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Wc  shall  direct  over  the  brink  of  the  volcanic  crater 
an  eye  of  interest  and  curfositj ;  and  thus  do  our  utmost 
to  explore  the  structure  of  the  globe.  After  inquiring 
into  the  motions  of  the  atmospherCf  and  the  laws  of 
temperature,  we  shall  distribute  into  their  native  re- 
gions the  animals,  the  plants,  and  all  the  beings  that 
are  nourished  in  the  exhaustless  bosom  of  the  earth. 
We  shall  conclude  the  picture  by  considering  man  in 
his  natural  and  in  his  political  condition.  We  shall  clas^ 
sify  the  races  of  our  species  according  to  the  varieties 
which  are  marked  in  their  bodily  appearance  and  cha- 
racter— according  to  the  languages  which  they  speak-— 
according  to  the  creeds  by  which  their  minds  are  con* 
soled,  or  degarded  and  enslaved — ^and  according  to  the 
laws  which  mark  the  progress  of  civilization,  or  the 
profound  darkness  of  utter  barbarism. 

What  revolutions  has  the  terrestrial  globe  under- 
gone ?  This  is  a  question  which  equally  interests  the 
history  of  man  and  that  of  nature.  But  is  it  a  question 
which  enters  into  the  science  of  physical  geography?  is 
it  a  question  which,  in  the  present  state  of  our  know- 
ledge, we  can  profitably  discuss  ?  We  shall  not  cer- 
tainly undertake  to  resolve  the  problem,  or  series  of 
problems,  which  it  implies ;  but  we  shall  present  to  our 
readers  a  view  of  the  leading  facts  which  geologists 
employ  to  construct  their  brilliant,  but  empty  systems. 

This  philosophical  theory  of  geography  will  occupy 
the  first  volume  of  our  work.  The  others,  with 
the  exception  of  one,  will  be  devoted  to  a  suc- 
cessive description  of  all  the  parts  of  the  world.  In 
th^t  department   we  found  it  necessary  to  engage  in 
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long  meditation,  and  in  weighing  opposite  considera- 
tions, before  we  could  invent  and  fix  upon  the  method 
which  would  unite  the  greatest  degree  of  solidity  with 
the  most  agreeable  manner.  An  order  purely  geogra- 
phical must  apparently  have  destroyed  the  'political 
and  moral  connections  of  the  different  portraits  which 
we  had  to  present.  An  order  purely  political  would 
haye  injured  the  physical  delineation  of  the  moun- 
tains, the  seas,  the  rivers,  and  the  climates.  The  great 
desideration  was,  to  reconcile,  in  some  measure,  with 
each  other  these  two  rival  methods.  For  this  purpose, 
our  mode  of  procedure  must  be  varied  according  to 
the  character  of  the  obstacles  presented  on  different 
occasions,  and  the  difficulties  which  they  create  in  fol- 
lowing chiefly  or  exclusively  one  or  the  other  of  the%e  , 
two  methods.  In  introductions  prefixed  to  particular 
departments,  we  must  give  a  sketch  of  the  general 
features  which  a  large  division  of  the  world  possesses 
ia  common.  We  must  place  a  view  of  the  Alps  in 
front  of  our  description  of  Europe,  and  a  view  of  the 
Cordilleras  at  the  beginning  of  the  division  appropriated 
to  South  America.  Do  we  find  some  nations  which  are 
politically  separate,  united  in  their  origin,  in  their  lan- 
guage, or  in  their  history  ? — we  must  collect  tbem  into 
one  group,  and  survey  them  from  one  point  of  view. 
We  must  eqdeavour  everywhere  to  form  our  subject 
into  natural  masses,  easily  embraced  under  one  regular 
vista.  Small  states  must  be  combined  into  natural 
groups ;  the  provinces  of  great  empires  must  be  distri- 
buted in  conformity  with  the  direction  of  the  mountains 
and  the  rivers ;  and  the  comparisons  formed  between 
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the  diflferent  djVisions  must  not  be  permitted  to 
ber  the  ourrent  of  our  discourse,  but  reserved  for  exhi- 
bition in  the  form  of  synoptical  and  analytical  tables* 

Besides  our  general  arrangement,  it  was  necessary  to 
find  out  the  particular  method  best  suited  for  the  de- 
scriptioD  of  each  country.  After  examining  all  the 
dassifications  which  authors  have  given  of  the  objects 
'  of  specnd  gec^raphy,  we  have  found  that  a  too  rigor- 
ous adherence  to  these  abstract  methods  has  been  the 
real  cause  of  the  pedantic  dryness  attached  to  books 
of  geography.  From  this  empty  technical  parade  of 
sdenoe,  geography,  which  ought  to  be  a  living  picture 
of  the  universe,  has  been  converted  into  the  gloomy 
anatomy  of  a  great  subject  in  a  dead  and  dismembered 
state.  Thus  it  has  been  held  in  dread  by  the  young,  ne-* 
glected  by  the  learned,  and  scorned  by  the  multitude. 

From  these  considerations  it  has  appeared  our  dutj 
to  follow  the  general  principles  of  the  art  of  writing, 
and,  by  varying  according  to  the  nature  of  the  subject, 
not  only  the  tone  but  the  order  of  our  descriptions,  we 
Imve  endeavoured  to  contrive,  for  the  delineation  of 
each  country,  a  particular  scale  suited  to  the  relative 
sixe  and  importance  of  its  objects.  Where  one  pre* 
sents  the  spectacle  of  a  smiling  cultivation,  we  give  a 
careful  detail  of  its  different  productions.  Where  it  is 
unctdtivated,  we  draw  an  butline  of  the  character  im* 
pretised  on  it  by  nature.  At  one  time,  in  an  imaginary 
tour,  we  give  an  easy  enumeration  of  the  towns  of  the 
interior.  At  another,  in  the  character  of  fire-side  navi* 
/"vators,  unfettered  by  the  dread  of  contrary  winds  or 
dangerous  currents,  we  proceed  from  harbour  to  har« 
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bovi  aad  from  idand  to  island.  Does  a  particular  na- 
tiQD  aot  a  leadh^  part  in  the  civilized  ^orid?-M^e 
diBcmB  i(B  powers^  its  resoarces,  its  interests.  Is  it  a 
ATBge  horde  that  engages  our  notice  f--^we  take  an 
iiterast  in  depicting  its  manners  and  mode  of  liyiqg. 

Our  choiGe  of  the  towns  and  remarkaUe  places  on 
whieh  we  dwell,  wfll  be  determined  sometimes  bj  de* 
graes  of  political  importaince,  sometimes  bj  historical 
ceiebntj*  We  shall  sometimes,  in  passing,  take  the 
ifterty  of  dssciissing  a  pomt  of  critical  geography,  r^ 
sdinag  a  doubt,  or  correcting  an  error.  .  We  shidl  not 
ersD  scmpulouslj  deny  onrselres  and  our  readers  the 
pieasare  of  occasionally  mingling  our  topc^aphical  de^* 
sorptions  with  passages  of  history,  or  with  anecdotes 
tending  to  illustrate  manners^  and  often  serving  to  fix 
to  the  meaaory  names  of  localities,  which  otherwise  it 
would  be  difficult  to  retain.  There  is  no  reason  why . 
we  shoirid  refuse  to  pick  up  a  flower  which  obtrudea 
itself  on  our  view.  A  description  of  the  world  shoidd 
resemble  the  world  itself,  in  which  the  most  arid  de« 
serts  present  here  and~there  a  limpid  fountain,  w  a 
refreshmg  ahadet 

From  fifteen  years  of  geographical  reading  and  stu^ 
dy,  we  hare  been  fully  convinced  that  this  free  and 
soimated  march  is  that  which  will  enable  gec^raphy 
to  ^ve  the  surest  access  to  the  sanctuary  of  historical 
knowledge,  which  never  could  be  afforded  by  any  of 
those  rigid  abstract  methods  which  are  applicable  only 
to  the  mathematical  sciences.  Our  object  is  to  write 
an  agreeable  and  useful  book,  not  to  draw  up  an  ex-^ 
t^ided  table  of  mere  contents. 
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Adopting  this  plan  for  our  ^  Universal  Geography,'' 
we  are  far  from  denying  the  merits  of  methods  differ- 
ent from  our  own.     Let  a  new  Varenius,  m  a  purely 
mathematical  geography,  employ  all  the  resources  of 
the  higher  geometry ;  let  another  Bergmann  discuss,  in 
the  language  of  chemistry  and  of  natural  history,  the 
elements  of  an  improved  physical  geography;  let  natu- 
ralists subdivide  physical  geography  itself  into  branch- 
es corresponding  to  particular  sciences,  as  the  geogra- 
phy of  plants,  of  minerals,  and  of  animals ;  let  the  pu- 
pils and  successors  of  Busching  collect,  with  indefatiga- 
ble patience,  the  materials  of  chorography  and  topog- 
raphy, the  object  of  which  is  to  give  a  particular  de^ 
scription  of  each  country,  each  canton,  and  each  town ; 
let  them  display,  in  immense   columns  of  numbers,  the 
details  of  that  branch  of  political  geography  which  is  call- 
ed statistics.     Let  others  of  the  learned  explore  other 
parts,  such  as  that  of  forming  a  Critical  Comparison  of 
the  old  geographers ;  or,  the  History  of  Voyages  and 
Travels.     Nothing  is  more   useful  to  science — nothing 
more  deserving  of  the  esteem  of  the  learned  world, 
than  labours  thus  consecrated  to  a  single  object  Nothing 
is  more  laudable  than  to  give  to  each  of  these  branches 
the  most  rigorous  and  scientific  from  which  its  particu- 
lar nature   will  admit  of.      We  have   already  shown 
some  zeal  in  collecting,  announcing,  and  appreciating 
labours  of  these  different  kinds,  in  our  periodical  work, 
entitled,  Jinnales  des    Voyages  de  la  Geographic  et  de 
tHistoire.     But,  a  as  universal  geography  cannot,  with- 
out swelling  to  an  undue  extent,  embrace  all  the  details 
of  every  branch  of  geographical  science,  we  must  hero 
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cmiieDt  ourselves  with  gathering  the  flowers  and  the 
fruit  of  these  learned  discussions  and  laborious  re- 
searches. 

There  is  another  view  of  the  subject  which  we  wish 
to  lay  before  the  readers  of  our  work.     The  mathe- 
matical and  physical  principles  of  geography  are  immu- 
table; but  the  state  of  human  knowledge  is  variable, 
both  in  the  materials  furnished,  and  in  the  use  which 
the  mind  is,  at  different  epochs,  qualified  to  make  of 
them.    Nations  are  extinguished,  kingdoms  destroyed, 
cities  laid  in  ruins,  and  at  last  every  trace  of  their 
former  existence  is  effaced.     We  may  therefore  sup- 
pose a  series  of  geographical  works,  each  of  which, 
though  quite  different  from  those  which  precede  and 
follow,  may  be  correct  and  complete  for  the  year  or 
the  age  to  which  it  belongs.     Under  this  point  of  view, 
eastern  has  in  some  measure  sanctioned  a  threefold  par- 
tition of  the  science.     ^^  Ancient  geography''  comprises 
all  that  precedes  the  500th  year  of  the  Christian  era, 
or  the  great  migration  of  nations.     The  ^^  geography 
of  the  middle  age"  extends  from  that  period  to  the 
discovery  of  America ;  and  this  point  begins  the  region 
of  ^  modem  geography.''     But  if  the  sul^ject  were  to 
be  expressed   in  rigidly    philosophical   language,   we 
should  be  obliged  to  make  a  distinction  of  geographies, 
corresponding  to  the  number  of  nations  and  of  ages. 
Each  of  these  may  be  considered  as  a  separate  body 
of  knowledge.     They  are  indeed  imperfect  and  erro- 
neous systems,  compared  with  that  of  the  present  age ; 
but  it  is  interesting  and  important  even  for  mere  ama- 
teurs, to  have  an  idea  of  the  slow  progress,  and  some- 


tioei  retrograde  oouree  of  Um  sciMce,  mm  far  q#  ftbitt 
pngmai  is  iuow«k  to  us  wkh  oertimtj.  We  sball  thfdr»- 
fore  accompany  the  preseDt  work  with  an  ^  QiiUlM  of 
tJie  Juatorj  of  disoo¥erie8»  and  of  ^aograpbical  sfstMDs." 
We  skaU  first  take  up  this  scteoos  iu  her  cradle.    Jtf<^ 
ses  and  Homer  pseseot  us  with  a  picture  of  two  mo^t 
dotkfite  nations.    Soon  after  this,  the  Pbcmieiao  sailer, 
guided  by  the  light  of  the  star$,  traverses  the  Mediter^ 
iBDeao»  and  discovers  the  Atlantic  Oc^an•    Her^odotna 
relates  to  the  Gseeks  wha^t  he  has  seen  a^  hfiard,  eon- 
oeriiing  di&mnt  uatioos  and  couotries.    Tbe  exteosi^e 
ooienial  sjratem  of  Cartilage,  and  the  adventurous  v<ojr*- 
ages  of  Pytheas  of  MarseiUes  bri^  the  westero  wwld 
into  viewr^  and  create  coByectares  respeiQtii]^  the  norjUb. 
The  miliary  glory  of  Alexander  throws  a  brijyyumt 
l%bt  on  the  countries  of  the  east.    The  Romans  inhe* 
Fit  the  greater  pai:t  of  the  discoveries  made  by  the  po- 
lished aaiions  c^  antiquity.     The  Eratostheneses,  tJbie 
Scrabos,  the  PlinieSy  and  the  Ptolemies,  arrange  the 
materiab  still  obscure  ai»d  incomplete.    Neg^t  comes 
tile  great  migration  of  nations,  to  overturn  tba  whole 
edifice  of  ancient  geography.  Itwasby  loaiog  tbairascen- 
dency  that  the  Greeks  and  Romans  learned  bow  ^auch 
more  extensive  the  world  was  than  their  systems  ha4 
represented  it.    The  chaos  thus  produced,  gradually 
gives  place  to  regularity ;  and,  with  the  rise  of  modern 
jgWope,  the  elemeitfs  of  a  new  geography  are  form- 
ed.   The  spirit  of  traveUing  revives.     It  had  already 
conducted,  without  profit,  the  Arabs  to  tjbe  MolucoaSs 
and  the  Scandinavians  to  America.    No  science  accom- 
panied these  people,  to  gather  the  fruit  of  their  bold 
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oodertakii^.  Equally  courageous,  and  better  informed, 
the  Italians  and  Portuguese,  by  the  help  of  the  ms^ne- 
tic  needle,  navigate  the  high  seas  with  confidence.  On 
eyery  hand  the  barriers  raised  by  prejudice,  which  co»- 
tracted  the  horizon  of  geography,  fall  in  pieces.  CX>- 
lambus  now  conducts  ns  !•  a  new  world.  By  sea  and 
bf  land,  every  nation  emulously  enters  on  the  career  o£ 
discovery;  and,  by  their  united  efforts,  the  vast  theatre 
of  the  globe,  notwithstanding  some  partial  shades,  is 
now  &ially  opened  to  the  gaze  of  science. 

This  forms  a  subject  which  demands  much  perusid 
of  old  geographical  works,  and  much  attention  to  vari- 
ous ancient  histories ;  but  it  cannot,  in  the  eye  of  the  ge« 
neral  reader,  be  entitled  to  such  a  full  description  as  tlie 
state  of  modem  geography. 

Even  modem  geography  must  be  restricted  within 
certain  limits,  which,  without  reducing  it  to  a  dry  un* 
meaning  nomenclature,  will  avoid  the  error  of  confound* 
ingit  with  other  sciences.  Intelligent  minds,  no  doubt^ 
often  delight  to  bring  together  under  the  same  point  of 
riew  the  results  of  sciences  the  most  different  from 
one  another  in  their  origin  and  progress,  as  well  as  in 
the  nature  of  their  objects.  Geography,  like  histoiy; 
certainly  ought  not  to  be  blamed  for  taking  an  interest 
in  every  thing  that  influences  the  fate  of  nations  and  of 
empires.  It  must  also  be  granted  that  she  confers,  in  her 
turn,  a  benefit  on  other  sciences,  by  bringing  their  dis- 
coveries into  notice,  in  order  to  place  them  in  a  new 
light.  When  political  economy,  for  example,  weighs 
in  her  balance  the  powers  of  a  state,  when  she  ascertains 
the  existing  relation  which  the  superficial  area  of  each 
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canton  bears  to  the  number  of  its  inhabitants,  the  re- 
sults of  these  laborious  inquiries  may  often  be  of  such  a 
nature  as  to  interest  history.  In  the  same  way  they 
may  also  interest  geography.  Such  dry  truths,  when 
arranged  in  tables  of  political  geography,  acquire  a 
lustre  and  an  interest  frop  the  great  geographical 
views  with  which  they  are  associated.  This  species  of 
interchange  gives  life  to  the  whole  republic  of  science 
and  of  literature.  But  the  different  regions  of  which 
that  republic  consists,  have  each  its  own  language,  its 
constitution,  its  separate  interests.  These  objects  are 
not  to  be  confounded.  Every  discussion  in  politics,  in 
religion,  in  morality — every  research  in  history,  chro- 
nology, or  antiquities,  which  does  not  bear  a  direct  re- 
ference to  geographical  changes—every  calculation  of 
the  higher  geometry — every  superfluous  quotation  of 
the  principles  of  chemistry  or  of  physics— every  de- 
tail in  natural  history  which  does  not  admit  of  any  oth- 
er description  than  the  technical  explanations  of  the 
naturalist,  and  which  forms  no  essential  feature  in  the 
physical  picture  of  a  country — is  to  be  considered  as 
foreign  to  a  good  universal  geography,  though  entering 
with  great  propriety  into  special  treatises  on  mathe- 
matical, physical,  or  political  geography. 

Our  science,  when  disencumbered  of  all  that  diversity 
of  foreign  matter,  is  still  a  subject  of  vast  extent;  and  to 
an  author  desirous  of  exhibiting  it  in  an  advantageous  light, 
it  presents  thorns  and  difficulties  in  sufficient  number. 
When  we  have  read,  compared,  and  formed  a  judg- 
ment on  all  the  accounts  given  by  travellers  of  eveiy  na- 
tion,  accounts  often  false,   and  often  unsatisfactory, 
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when  we  hare  analyzed  an  immense  multitude  of  tra- 
vellers' journals,  astrpnomical  observations  and  disserta- 
tions, descriptions  and  notices,   enumerations  and  ofTi- 
cial statements  together  with  the  estimate^  and  calcula- 
tions made  by  Individuals ;  when  we  have,  with  much 
lai)our,  searched  out  documents,  geographical  lost  in 
memoirs  of  natural  history,  in  monographs  of  medical, 
mmeralogical,  or  botanical  topography,  often  even  in 
commercial  almanacks  and  political  journals ; — we  have 
Dot  yet  done  all  that  is  required.     Much  remains  to  be 
brought  to  light  that  lies  hid  in  the  archives  of  govern- 
ments, or  buried  in  the  portfolios  of  individuals ;  and 
mach  knowledge  which  is  even  openly  exhibited  in  the 
great  book  of  nature,  but  has  not  yet  found  an  atten- 
tive observery  requires  to  be  discovered  by  original 
observations. 

Since  geographical  knowledge,  like  every  thing  of  a 
historical  nature,  is  derived  from  many  sources,  varying 
in  their  degrees  of  authenticity,  it  is  indispensably  ne- 
cessary, in  order  to  satisfy  the  inquiring  reader,  to  give 
the  names  of  such  sources  as  have  been  consulted. 
The  learned  will  thus  judge  what  degree  of  credit  they 
ought  to  repose  in  each  instance.  It  is  also  an  act  of  li- 
terary justice  to  make  our  readers  acquainted  with  the 
names  of  those  who  have  served  as  our  masters  and 
guides;  names  which  to  many  will  thus  become  known 
for  the  first  time.  Influenced  by  these  considerations, 
we  hare  at  the  bottom  of  each  page  given  a  reference 
to  the  principal  passages  in  other  authors,)  generally 
original,  rarely  compilers,)  on  which  our  assertions  are 
founded.     At  the  same  time,  we  have  rigorously  avoid- 
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lAeorjf  oj  Oeography*  Of  the  Earth,  considered  as  a  cdes^ 
Hal  Body,  and  in  its  rdations  to  the  other  celestial  Bodies* 
€f  Latitudes  and  Longitudes. 

hf  exhibiting  under  one  yiew  the  actaal  state  of  the  sci-^ 
enoe  of  Greography^  the  statement  of  general  truths  ought 
to  precede  Ihe  detail  of  particular  facts.  We  shall  there- 
fore consider  our  planet  in  relation  to  its  dimensions  and 
physical  structure^  before  entering  upon  the  study  of  t)ie 
different  countries  which  cover  its  surface. 

It  belongs  to  astronomy  to  exhibit  to  our  view  the  earth  Astronomy 
balanced  by  its  own  weight  in  the  immensity  of  space^  re-  from  this 
Yolvingy  with  all  the  other  planets,  around  the  resplendent^'®*^*"' 
Iaminaiy»  which  distributes  to  each  of  these  celestial  globes 
its  portion  of  light  and  heat.    It  belongs  also  to  astronomy 
to  ascertain  the  laws  which  govern  the  solar  system,  and  to 
trace  the  orbits  of  the  different  bodies  which  compose  it; 
o( Mercury,  lost  in  the  rays  of  the  sun;  of  Venus  and  of 
MarSf  in  tiie  neighbourhood  of  our  earth,  but  which  are 
not  attended  by  any  moon  or  satellite;  of  Vesta,  JunOf 
Ceres,  and  Pallas,  which  are  so  closely  connected  with  each 
ofh^ ;  and  lastly,  of  Jupiter,  Saturn,  and  Uranus,  each 

vol.  I.  1 
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BOOK  snrrounded  by  a  magnificent  train  of  satellites,  or  se- 
^*  candary  planets.  It  is  still  farther  the  business  of  the  as- 
tronomer,  to  demonstrate  that  the  magnitude  of  the  sun  is 
l>S84,46fi  times  greater  tiian  that  of  our  planet,  which  in 
this  respect  is  in  like  manner  surpassed  by  Jupiter  1,281 
times;  by  Saturn  995  times,  and  by  Uranus,  80  times; 
while  all  the  other  planets  are  inferior  to  it* 

As  geography  exclusiyely  is  our  province,  it  is  sufficient 
for  us  to  borrow  such  notions  belonging  to  astronomy,  as 
are  necessary  for  comprehending  the  terms  employed  in 
reference  to  geographical  maps,    and  for  conceiving  the 
truth  of  the  methods  used  in  constructing  these  represen- 
tations of  our  globe. 
Proofiof       The  spherical  form  of  the  earth  is  tiie  fundamental  prio- 
dhy'of  the  ^^P"®  ^^  ^^^  mathematical  geography.    The  proofs  of  this 
earth.       truth  present  themselves  to  the  senses*!    The  phenomena 
of  tiie  heavens  discover  it  to  us;  terrestrial  appearances 
also  render  it  obvious.    We  shall  begin  with  the  latter. 
Prooft  Were  we  placed  in  a  vast  plain  of  Arabia,  or  on  the  sur- 

from  ter-  ^^^  ^^  ^^  occan,  no  mountain  would  there  intercept  the 
restriai  ap-  objocts  situato  withiu  the  range  of  our  vision.  Why  then 
pearancei.  ^^  ^^  ^^^  ^^  elevated  objects  only  diminish  in  apparent 
magnitude,  as  they  recede  from  our  view,  without  any 
portioi^  being  hid;  as  would  certainly  be  the  case  if  wo 
were  upon  the  same  horizontal  plane  with  them  ?  Why  do 
towers,  vessels,  and  mountains,  when  we  recede  from  them, 
appear  to  sink  below  the  horizon,  commencing  with  the 
base  ?  and  why,  on  the  contrary,  when  we  approach  them, 
do  these  objects  shew  first  their  summits,  and  thereafter 
their  middle,  and  last  of  all  their  lower  parts  ?  These  phe- 
nomena, which  every  one  has  an  opportunity  of  observing, 
prove  evidently  that  every  apparent  plane  upon  the  earth 
is  a  curve  surface.  It  is  the  convexity  of  this  surface  which 
conceak  from  the  eye  of  tiie  spectator,  upon  tiie  beach,  the 

*  See,  in  the  Sequel  of  this  Book,  the  Synoptical  TabU  of  the  solar  System. 
Consult  Laplace f  Exposition  du  Systtme  du  Monde ;  Bioty  Astronomie  Phy- 
sique. 

t  FareniuSf  General  Geography  revised  by  LNewtony  b.  I.  sect,  ii.  chap.  9. 
Mauptrluiiy  Elements  of  Geography,  chap.  ?. 
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Imll  of  the  vessel  of  which  he  sees  tiie  masts  and  sails.  But  book 
since  we  know  that  these  things  happen  nniformly  towards  ^* 
whatever  part  of  the  earth  we  travel^  whether  towards  the 
east  or  towards  the  west,  towards  the  north  or  towards  the 
soiifli ;  since  we  find  that  this  assemhlage  of  curve  snrfa^ 
ces  is  no  where  sensibly  interrupted,  it  is  impossible  to 
avoid  drawing  the  conclusion,  that  the  whole  surface  of  the 
eirtfi  isy  on  all  sides,  nearly  regularly  curved ;  or,  in  other 
words,  tiiat  the^  earth  is  a  body  approaching  in  figure  more 
or  less  to  a  sphere. 

The  object  at  which  the  first  observers  of  the  stars  aim-  ^^\^^ 
ed  in  their  researches  was,  without  doubt,  to  find  certain  celestial 
guides  in  the  voyages  which  either  curiosity  or  necessity  l^^^ 
prompted  fbem  to  undertake.  They  remarked  that  the 
sun,  their  first  guide,  occupied,  in  the  celestial  hemisphere, 
a  place  opposite  to  certain  stars,  which  every  night  were 
constantly  visible  over  their  heads,  while  other  stars  disap- 
peared and  re-appeared  alternately.  Their  attention  was 
particolarly  attracted  by  the  pole  star :  they  marked  this 
point  in  the  heavens,  which,  itself  alone  immovable,  appears 
to  serve  as  a  pivot,  or,  according  to  the  Greek  expression, 
as  a  pole,*  to  the  apparent  motions  of  the  heavenly  bodies. 
They  next  traced  a  meridian  line,  that  is,  a  right  line  in 
the  direction  from  tiie  sun  at  noon  to  the  pole  star;  and 
however  imperfect  this  first  operation  may  have  been,  it 
was  sufficient  to  mark  out  to  them  the  four  quarters  of  the 
world,  usuaUy  denominated  the  cardinal  points*  Now,  if 
fliey  proceeded  towards  the  north,  they  saw  the  pole  star 
take  a  position  more  elevated  in  tiie  heavens,  with  regard 
to  tiie  circle  which  on  all  sides  bounded  their  view,  and 
which  is  named  the  Iioriaon.^  Did  tiiey  go  towards  the 
soufli,  this  same  star  appeared  to  sink,  and  others,  before 
invisible,  appeared  successively  to  rise.  It  was  therefore 
impossible  that  the  line  whose  direction  they  followed,  could 
be  a  straight  line  traced  upon  a  horizontal  plane ;  it  could 

*  n«Mr)  a  pi?ot,  from  rcMiry  to  turo. 
f  From  iff^u^i  to  bound,  to  circumscribe. 
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BOOK    only  be  a  curve^  an  arc  of  a  circle,  to  vhich  corresponded 

^       another  arc  of  an  imaginary  circle  in  the  heavens.    But  as 

the  same  changes  of  the  horizon  had  every  where  taken 

place,  it  was  natural  to  conclude  that  the  earth  had  at  least 

a  circular  form  from  north  to  south. 

It  was  without  doubt  by  some  such  reasoning  that  Anaxi- 
mander,  and  some  other  of  the  ancient  philosophers,  were 
led  to  regard  the  figure  of  the  earth  as  ctflindricaL* 

Astronomical  observations,  by  being  multiplied,  were 
rendered  perfect  The  motions  of  the  heavenly  bodies 
were  calculated  from  fixed  epochs ;  and  the  periodical  re- 
turn of  eclipses  was  determined.  It  was  then  easily  perceiv* 
ed,  that  the  sun  rises  sooner  to  those  who  dwell  more  to- 
wards the  east,  and  gradually  later  to  others  in  proportion 
as  they  are  removed  to  the  west ;  for  if  an  eclipse  of  the 
moon  is  observed  at  Paris  and  at  Vienna,  and  if  this 
eclipse  begin  when  it  is  ten  o'clock  at  night  at  Paris,  it 
will  bo  near  eleven  o'clock  at  Vienna  before  its  commence- 
ment is  observed;  so  that  the  sun  must  rise  sooner  to  the 
inhabitants  of  Vienna,  tiian  to  those  of  Paris.  This,  how- 
ever, could  not  happen  unless  the  surface  of  the  earth  were 
curved  from  east  to  west;  for  were  it  flat,  the  sun  would 
begin  to  illuminate  all  parts  of  the  face  of  it  at  the  same 
instant. 

Lastly,  when  by  a  series  of  observations,  we  are  fully 
convinced  that  the  eclipses  of  the  moon  are  caused  by  the 
conical  shadow  of  the  globe  of  the  earth,  we  have  a  com- 
plete confirmation  of  all  the  preceding  proofs  in  favour  of 
the  rotundity  of  the  earth;  and  we  see  at  the  same  time, 
that  the  globe  of  the  earth  is  not  subject  to  any  great  irre- 
gularity; since,  in  all  possible  positions,  its  shadow  upon 
the  disk  of  the  moon  is  found  to  be  terminated  by  an  arc 
of  a  circle. 
Confirmed      The  numerous  voyages  which  have  been  made  roond 
round  tho   the  World,  have  finally  shut  the  mouths  of  all  tiiose  who 
world.       persisted  in  regarding  the  earth  as  a  round  plane,  or  a 
hemispherical  disk.    Navigators,  such  as  Magellan  and 

*  .7m/,  dc  Calo,  lib.  ii.  cip.  If^. 
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Drak^  sailing  from  Europe,  have  pursued  a  course  always  book 
towards  the  west  (making  only  some  deviations,  in  order  to  ^' 
douhle  the  lands  which  stretch  towards  the  south ;)  and  "■  "* 
without  quitting  this  general  direction,  have  returned  to  the 
same  place  whence  they  set  out  Upon  a  circular  plane  we 
might  indeed  perform  a  circular  voyage,  but  that  by  con- 
tinually changing  the  direction.  Heemskerk,  when  he  win- 
tered at  Nova  Zembla,  confirmed  what  astronomers  had 
concluded  from  the  spherical  figure  of  the  earth ; — ^namely, 
that  the  days  and  nights  near  the  poles  extend  to  several 
months.  Finally,  Cook,  in  approaching  as  near  as  possible 
to  the  southern  polar  circle,  found  that  the  voyage  round 
was  always  diminished  proportionably  to  the  diminution 
of  bis  distance  from  the  pole;  so  that  we  have  thus  obtain- 
ed an  ocular  proof  of  the  rotundity  of  the  earth  towards 
the  south  pole,  as  well  as  towards  the  north. 

So  many  united  proofs,  as  well  as  the  accuracy  of  so  Prejudices 
many  astronomical  observations,  all  of  which  have  heen*J"'J'JJ|^*"* 
made  and  calculated  upon  the  supposition  of  the  sphericity 
of  our  earth,  leave  no  room  for  reasonable  doubts  upon 
the  subject  Respect  for  the  Sacred  Writings,  which,  in 
speaking  of  the  earth,  employ  expressions  borrowed  from 
ordinary  language,*  ought  not  to  induce  us  to  reject  a 
physical  truth  altogether  foreign  to  the  moral  truths  which 
religion  teaches.  In  vain  does  ignorance  demand  of  us 
how  the  earth  can  remain  suspended  in  the  air  without  any 
support  Let  us  look  upon  the  heavens,  and  observe  how 
many  other  globes  roll  in  space.  The  force  which  sup- 
ports them  is  unknown  to  us ;  but  we  see  its  eflfects,  and 
we  investigate  the  laws  according  to  which  these  eflfects 
take  place.  Let  us  then  lay  aside  all  uneasiness  concern- 
ing the  anHpodeSf  that  is,  the  people  of  the  earth  whoso 
feet  are  turned  towards  ours :  there  is  upon  the  globe  nei- 
ther high  nor  low ;  the  antipodes  see,  in  like  manner  as  we 
do^  the  earth  under  their  feet,  and  the  sky  over  their  heads. 

*  Psalm  xziv.  2.    xxxvi.  6.    Comp.  Lactant,  I.  iii.  ch.   24.    A-ugmtin^ 
De  CW.  Dei,  XVI.  9. 
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BOOK  What  would  we  gain  by  sapposing,  as  Homer  does,  that 
'*  under  the  earth  are  placed  a  range  of  columns  guarded  by 
Atlas,  or  by  imagining  it  to  rest  upon  nine  pillars,  as  the 
Scandinavians  believed,*  or  upon  four  elephants,  accord- 
ing to  the  opinion  of  the  worshippers  of  Bramah  i  Upon 
what  would  tiiese  elephants  or  these  columns  rest  ?  Our 
'  thoughts,  however  far  they  proceed,  must  always  at  length 
stop  short,  and,  affrighted,  recoil  from  that  infinity  which 
surrounds  us  on  every  side,  and  which  *it  is  folly  to  attempt 
irnguiari  to  comprehend.  But,  some  more  reasonable  observers 
giob^f^*  will  say.  Do  not  the  Andes  and  the  Alps  make  it  evident 
that  the  earth  is  an  irregular  body,  and  not  at  all  round  ? 
We  answer :  The  highest  mountain  known,  which  is  Chim- 
borazo  in  Peru,  rises  to  21,424  f  feet  above  the  surface 
of  the  sea.  This:^  height  is  nearly  ^1,^7  ^^  ^®  earth^s 
greatest  circumference,  and  of  -^^  its  axis.  Upon  an 
artificial  globe  of  twenty-one  feet  in  circumference,  or 
of  64  feet  in  diameter,  Chimborazo  could  only  be  repre- 
sented by  a  grain  of  sand  less  than  one-twentieth  of  an 
inch  in  thickness.  Irregularities  so  imperceptible  do  not 
deserve  to  be  taken  into  consideration*  We  shall  see,  in 
tlie  following  Book,  that  the  true  differences  which  exist 
between  our  globe  and  a  perfect  sphere,  are  known,  mea- 
sured, and  ^timated.  But  before  setting  forth  this  result, 
deduced  from  observations  the  most  scientific  which  have 
been  made  in  modem  times,  it  is  necessary  to  point  out 
more  precisely  some  of  the  relations  which  connect  this 
earth  with  the  other  heavenly  bodies,  and  to  show,  accord- 
ing to  Lalande  and  Biot,  in  what  manner  these  astronomi- 
cal principles  are  connected  with  matiiemafical  geography. 
From  a  simple  view,  we  leam  that  the  stars  with  which 
the  nocturnal  vault  of  tlie  heavens  is  bespangled,  appear 

*  Fe/uip^  ftroph.  $. 

*<  Nio  m&n  ek  heiina 

f  Or  about  6531  French  metres. 

X  It  has  since.  bc«n  discovered,  that  some  naouDtains  iu  Tibet  rise  about 
SOOO  feet  bighf  r.  The  accuracy  of  the  data  of  this  admeasurement  is,  how- 
jsyer^  dubiotjs. 
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to  move  from  east  to  west^  each  d^cribing  a  portion  of  a  book 
circle.  If  we  observe  this  motion  more  attentively,  it  ap-  ^* 
pears  to  be  performed  about  a  point  which  alone  remains 
immoveable :  this  point  has  received  the  name  of  pokf  Poies. 
which  signifies  a  pivot.  The  star  which  is  situated  near- 
est to  this  point,  is  called  the  pole  star.  The  celestial 
vault  is  conceived  to  present  itself  under  the  appearance  of 
t  sphere ;  there  must  therefore  be,  in  the  half  which  is  in- 
visible to  us,  another  immovable  point:  this  point  is  the 
umih  edestial  pole,  as  that  which  we  see  is  the  north  cdes- 
tial  poU^  The  imaginary  line  which  passes  through  these 
two  points,  and  through  tiie  centre  of  the  world,  is  named 
the  axis  of  the  world,  from  a  Greek  work  which  signifies 
an  oode.  This  line  passing  through  our  globe  forms  at  the 
same  time  Its  axis,  and  marks  upon  the  surface  of  the 
earth  two  points  corresponding  to  the  poles  of  the  heavens, 
and  which  are  denominated  terrestrial  poles.  That  which 
answers  to  the  pole  star,  is  called  the  north  pole,  or  the 
arcHe  pole;*  the  opposite  pole  is  named  the  south  pole,  or 
aidarcHe  pole.] 

The  point  of  the  horizon  which  corresponds  to  the  north  ^o'^^on. 
pole^  is  the  north,  and  the  opposite  point  is  the  south, 
llie  circle  perpendicular  to  the  horizon,  which  passes  Meridian. 
throni^  these  points^  and  consequently  also  through  the 
poles,  is  called  by  astronomers  the  meridian;  it  divides 
the  visible  celestial  hemisphere  into  two  equal  parts  ^  so 
that  the  stars,  at  the  moment  when  they  appear  upon  this 
drcle,  are  at  the  middle  of  their  apparent  course;  it  is 
the  passage  of  the  sun  over  this  same  circle  which  deter- 
mines the  instant  of  noon. 

We  have  already  spoken  of  the  meridian  Ivne,  or  of  the 
line  which  joins  the  north  point  of  the  horizon  with  the 
south.     A  line  perpendicular  to  the  meridian  line,  and 
concdyed  to  be  extended  botii  ways  till  it  meets  the  hori*  points, 
zon,  marks  upon  this  circle  two  opposite  points,  each  90 

*  From  the  Greek  word  gif^vnt  the  hearf  a  constellation  in  the  neighbour- 

'  of  the  north  pole, 
't  Vrtna  the  Greek  words  mnif  opposite  iOj  and  «{»t«f >  iht  htar* 


Illostra< 
tion. 
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BOOK    degrees  distant  from  the  north  and  ranthj  and  to  which 
^-       are  appropriated  the  names  of  east  and  west 

■"""""""     We  may  illustrate  these  definitions  upon  an  artificial 
globe,  or  by  means  of  figure  1. 

Let  the  circle  NEMO  represent  the  horizon^  and  the 
point  A  the  centre,  at  which  the  observer  is  placed ;  the 
letters  a,  b,  c,  and  d,  e,  f,  will  indicate  portions  of  circles 
which  the  stars  appear  to  describe  about  the  pole.  Those 
stars  whose  polar  distance  is  not  greater  than  the  arc  PN» 
which  measures  the  elevation  of  the  nortii  pole  above  the 
horizon,  appear  to  describe  complete  circles,  such  as  S  Ay 
n  k  ;  the  point  N  marks  the  north  point  of  the  horizon,  M 
the  south ;  and  consequently  MN  represents  the  mmdian 
line.  The  celestial  meridian  is  represented  by.  the  semicir^ 
tie  MZN,  of  which  the  plane  is  supposed  perpendicular  to 
that  of  the  horizon  NEMO,  and  which  passes  through  the 
points  M  and  N.  This  circle  cuts  at  the  points  c  and  ^ 
the  arcs  ab  c  and  d  e  f  into  two  equal  parts.  l%e  east 
point  of  the  horizon  is  represented  by  the  point  E,  and  the 
west  by  the  point  O :  it  is  from  £  towards  O  that  the  stars 
appear  to  move,  passing  in  the  middle  of  their  coarse 
through  some  point  of  the  celestial  meridian. 

The  true  cause  of  these  appearances,  is  the  motion  by 
tvhich  the  earth  turns  round  its  own  axis  from  west  to  east 
in  the  space  of  twenty-four  hours.  We  proceed  now  to 
explain  this  motion  by  means  of  figure  d,  which  r^resMts 
the  globe  of  the  earth.  We  shall  suppose  the  point  A  to 
be  the  place  of  the  observer,  EMON  his  horizon,  and  tlw 
straight  line  P  p  to  represent  the  axis  round  which  the 
earth  performs  its  motion  of  rotation. 

It  is  easy  to  perceive,  that  the  horizon  of  fhe  observer, 
since  it  turns  along  with  him  during  the  rotation  of  the 
earth,  must  advance  towards  the  stars  successively,  so  as 
to  give  them  the  appearance  of  gradually  approaching  liie 
horizon ;  in  the  same  manner  as  a  vessel  leaving  or  ap- 
proaching the  land  causes  the  objects  on  shore  to  appear 
to  tlie  eyes  of  an  observer  on  board  to  be  in  motion. 
As  the  plane  MZN  of  the  meridian  turns  at  the  same 
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tiffle  with  tiie  horizontal  plane  N£MO»  to  ^rfiich  it  is  per-   book 
pradicular,  it  must  point  successiTelj  to  the  same  stars,      ^* 
which  will  then  appear  in  the  middle  of  that  part  of  their  — — — 
course  which  thej  describe  above  the  horizon.    As  soon  as 
the  star  touches  the  western  verge  of  the  horizon^  that  star 
tppears  to  set,  and  ceases  to  be  visible  until  the  motion  of 
the  earth  has  brought  back  upon  it  the  eastern  boundary  of 
the  same  circle. 

This  explanation  gives  directly  a  reason  for  the  diurnal 
ippeuing  and  disappearing  of  the  stars^  and  of  the  sun. 
But  iif  order  to  conceive  the  use  which  is  made  of  these 
celestial  appearances  in  astronomy  and  geography,  it  must 
be  observed  that  these  motions  are  measured  only  by  an- 
gles, without  any  regard  to  absolute  length  and  real  dis- 
tances. For  example,  if  the  star  «-,  fig.  Q,  appear  first  in  Angular 
the  hoiizon  in  the  direction  of  the  visual  ray  AF,  and  be  "»""«»' 
seen  afterwards  in  the  direction  of  the  ray  AG,  the  eye  of  2^s«c»> 
fte  spectator  measures  only  the  angular  space  FAG;  it  de- 
termines only  the  arc  of  the  circle  comprehended  in  this 
iDglcy  and  not  the  length  of  the  radius.  This  arc  is  esti- 
mated in  degrees  and  parts  of  a  degree.  The  circumfer- 
ence of  every  circle,  whether  a  great  circle  or  a  small,  is 
svppoaed  to  be  divided  into  360  degrees;  each  degree  is 
divided  into  60  minutes,  and  each  minute  is  subdivided  into 
60  seconds. 

It  is  easy  to  see  that  we  may,  vrith  regard  to  the  heaven- 
ly bodies,  substitute,  for  the  plane  NEMO,  which  touches 
die  earA,  a  parallel  plane,  passing  through  the  centre. 
The  reason  is,  that,  when  a  star  situated  at  I  appears  in  the 
horizontal  plane  which  touches  the  earth  at  the  point  A^ 
a&  observer,  placed  at  the  centre  of  the  earth,  would  see  the 
same  star  upon  the  line  CI,  so  that  it  would  appear  elevat- 
ed only  by  the  angle  IC  n,  which  will  be  so  much  the 
smalls,  according  as  the  star  is  more  distant  The  figure 
renders  this  evident  with  regard  to  the  star  situated  at  Hbb 
point  H.  The  distance  of  the  stars  being  almost  infinite, 
compared  with  the  semidiameter  of  the  earth,  which  sepa- 
rates the  place  of  the  observer  from  the  centre  of  the  globe. 
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BOOK    ttAa  angle  becomes  insensible  for  the  fixed  stan,  and  Tery 
^*       small  for  the  planets. 

— '"——^  We  may  substitute  then  without  error,  fig.  3«  instead  of 
the  preceding  figure,  assuming  for  the  horizontal  plane, 
with  regard  to  the  stars,  the  plane  NEMO  passing  through 
the  centre  of  the  earth,  and  parallel  to  the  plane,  touching 
it  in  A ;  or,  what  is  tlie  same  thing,  perpendicular  to  the 
radius  C  A,  drawn  from  this  point  to  the  centre  of  the  earth. 
We  may  conceive,  in  the  same  manner,  the  plane  of  the  ce- 
lestial meridian  MZN,  to  be  extended  indefinitely  around 
the  centre  C  of  the  earth,  through  which  it  ought  necessa- 
rily to  pass,  since  it  passes  through  the  axis  P  p.  This 
plane  determines  upon  the  surface  of  the  earth  a  circle  PA  jf, 
which  passes  through  the  poles;  this  circle  is  the  terres- 
trial meridian  of  the  place  A,  and  at  the  same  time^  of  all 
the  places  situated  upon  its  circumference. 

We  ought  to  observe  here,  that  the  horizon  represented 
by  the  circle  NEMO,  and  which  passes  through  the  centre 
of  the  earth,  is  called  the  ratiofud  lunisoonf  to  distinguish  it 
flrom  the  circle,  which  is  a  tangent  to  the  surface  that  bounds 
the  view,  and  which  is  called  the  itnnble  lunixan. 

Zenith.  ^^^  ^^"®  drawn  from  the  centre  of  the  globe  through  the 
place  of  an  observer,  ascertains  in  the  heavens  the  position 
of  a  point  Z.  This  point  is  perpendicularly  over  the  head 
of  the  observer,  and  is  called  the  »enith;  the  same  line  pro- 
duced through  tiie  globe,  marks,  in  the  opposite  part  of  the 

Nadir,      heavens,  another  point  »f  which  is  called  the  nadir. 

Vcrtieai        '^^^  position  of  the  line  ZAC,  which  is  caUed  the  verH- 

itM.  cal  line,  is  ascertained  by  the  direction  which  heavy  bodies 
take  in  falling,  as  that  of  tiie  horizontal  plane  is  indicated 
by  the  surface  which  water  at  rest  and  of  inconsiderable 
extent,  naturally  presents.  The  vertical  line,  or  that  which 
is  ascertained  by  a  thread  when  stretched  by  a  plummit,  is 
perpendicular  to  a  like  surface.  This  is  the  proper  place 
to  point  out  the  precise  situation  of  the  antipodes.  As  gra- 
vity tends  every  where  towards  the  interior  of  the  globes  it 
acts  at  a  in  the  direction  %a  opposite  to  ZA;  in  both  places 
bodies  fall  towards  the  surface  of  the  earth.    The  people 
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placed  at  a,  baving  their  feet  opposite  to  the  feet  of  those    book 
who  are  at  Ay  are  called  the  antipodes  of  these  last    The      ^ 
isemih  of  the  one  is  the  nadir  of  the  other.  — — — . 

It  follows  from  this  definition,  that  the  horizon  must  Change  of 
change  its  position  relatively  to  the  stars,  when  the  observer  ion,  ^"' 
changes  his  place  upon  the  surface  of  the  earth.  If  he  re^ 
moves,  for  example,  from  A  to  a,  fig.  4,  directijr  along  the 
same  meridian  from  north  to  south,  the  horizontal  visual 
ray  NM,  will  become  nm,  so  that  a  star  E,  situated  upon 
the  prolongation  of  the  former  ray,  will  appear  to  be  ele« 
vated  above  the  horizon,  mn  by  the  angle  EC  m,  which  is 
precisely  equal  to  that  formed  by  the  radii  CA,  C  a  drawn 
to  the  centre  of  the  earth ;  for  the  angles  ACM  and  a  C  m 
being  right  angles,  if  we  take  from  each  the  common  angle 
MC  a,  it  is  evident  that  the  remaining  angles  MC  m  and 
AC  a  are  equal. 

It  was  upon  this  principle  that  Posidonius,  having  ob- 
served that  the  star  known  by  the  name  Canapus,  appear- 
ed {» /A«  tiori%on  at  Rhodes,  while  it  appeared  at  Alexan- 
dria in  Egypt,  elevated  by  tiie  48th  part  of  the  circle,  or  7 
degrees  and  a  half^  concluded  that  Rhodes  was  distant 
firom  Alexandria,  in  the  direction  of  the  meridian,  by  the 
48lJi  part  of  that  circle.  It  is  true  that  the  Oreek  philo- 
sopher, from  being  ignorant  that  Rhodes  and  Alexandria 
are  not  under  the  same  meridian,  was  wrong  in  imagining 
tha^  by  this  observation,  he  had  determined  the  whole  cir- 
cumference of  the  earth.  Still,  however,  his  principle  is 
true ;  it  is  the  same  that  is  employed  at  the  present  time 
in  order  to  arrive  at  the  most  exact  determinations :  for, 
before  measuring  upon  the  earth  the  distance  between  any 
two  points^  it  is  necessary  first  to  find,  by  means  of  obser- 
vations made  upon  the  same  star,  what  ratio  the  arb  A  a  of 
tiie  meridian  passing  through  the  two  points  of  observation^ 
bears  to  the  whole  circumference. 

By  this  observation  is  ascertained  the  relative  position^ 
with  regard  to  north  and  south,  of  one  place  a  to  another 
A;  but  in  order  to  determine  in  a  manner  more  precise, 
fte  position  of  these  places,  there  is  required  some  fixed 
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Eqaator. 


Height  of 
the  pole. 


Distances 
of  pUcef 
upon  the 
earth  from 
the  equa- 
tor. 


term  of  comparison.  For  this  purpose  we  conceive  a  plane 
to  pass  through  the  centre  of  the  earth  at  right  angles  to 
'  the  axis  of  rotation,  and  to  determine  upon  its  spherical 
surface  a  cii^cumference  G£F,  fig.  5,  every  point  in  which 
is  at  the  same  distance  from  the  Poles  P  and  p.  This  cir- 
cle is  called  the  equator.  Now,  if  an  observer  be  situated 
upon  the  equator,  the  two  poles  will  be  found  exactly  in  the 
horizon ;  but  according  as  he  removes  from  this  circle  to- 
wards either  pole,  that  pole  to  which  he  approaches,  will 
rise  above,  while  the  other  sinks  below  the  horizon.  Thus 
when  he  is  at  a,  fig.  4,  the  pole  P  appears  elevated  above 
the  horizon  by  the  angular  space  PC  n,  and  when  he  ar- 
rives at  A,  this  angle  being  increased  by  NC  n,  beomies 
PCN. 

The  height,  or  elevation  of  the  pole  above  the  horizon 
of  any  place,  is  equal  to  the  angular  distance  of  that 
place  from  the  equator,  estimated  in  the  direction  of  the 
meridian.  For  the  angles  ACN  and  GCP,  fig.  5,  being 
right  angles,  if  we  take  away  the  common  angle  ACP,  there 
remains  the  angle  AGO  equal  to  NCP.  By  inspecting  the 
same  figure,  we  perceive  that  the  height  to  which  the  points 
of  the  equator  rise  above  the  horizon  is  equal  to  the  com< 
plement  of  the  angle  ACG. 

It  is  sufllcient,  therefore,  to  determine  for  any  place  the 
height  of  the  pole  above  the  horizon,  in  order  to  find  the 
angular  distance  of  that  place  from  the  equator. 

In  the  regions  of  the  globe,  where  one  of  the  poles  ap- 
pears elevated  above  the  horizon,  the  stars  called  drcumpol' 
ar,  that  is,  those  stars  which  never  set,  furnish  directly  the 
means  of  determining  the  height  of  the  pole.  As  they  ap- 
pear to  describe  circles  about  the  celestial  pole,  each  must 
appear  equally  removed  from  it  in  all  directions ;  and  as 
they  twice  pass  the  meridian  during  a  diurnal  revolution  of 
the  earth,  namely,  once  above  the  pole,  and  once  Wow  it, 
we  have  only  to  measure  their  angle  of  elevation  in  each  of 
tiiese  positions,  and  to  take  the  arithmetical  mean  between 
the  results,  in  order  to  obtain  the  elevation  of  the  pole. 

By  measuring,  for  example,  at  Paris,  during  a  long  win- 
ter's night,  the  two  meridian  altitudes  of  the  pole  star,  we 


MATHBMATICAIi  GEOGRAPHY.  13 

find  fliat,  when  it  passes  above  the  pole,  its  altitude  is  50^    book 
?r';  and  that  when  it  passes  below,  it  is  47°  4';  the  sum  of      ^• 

these  being  97°  41';  the  mean  is  about  48°  50',  which  is 

irithin  a  Tew  seconds  of  the  altitude  of  the  pole  at  Paris,  or 
of  the  distance  of  that  city  from  the  equator. 

It  is  not  enough  to  know  merely  the  distance  of  a  place 
upon  the  earth  from  the  equator ;  because  this  distance  is 
common  to  all  the  places  which  are  situated  upon  a  circle 
traced  upon  the  surface  of  the  globe  by  a  plane  parallel  to  Distance  of 
the  plane  of  the  equator,  and  passing  through  the  place  in  ^1^570*** 
question.  In  order  to  distinguish  places  equally  distant  from  their  meri- 
ftc  equator, it  is  necessary  to  know  their  meridians,  theme-  *"*' 
ridian  being  diflferent  for  each  place.  The  observation  of 
the  celestial  motions  may  be  here  again  successfully  em- 
ployed in  the  manner  which  we  are  now  to  point  out.  We 
have  seen  that  the  circles  of  the  different  meridians,  VAp, 
PLp,  PM|F,  &c.  fig.  6,  intersect  each  other  in  the  axis  PC  p; 
but  since  all  these  meridians  turn  upon  this  line,  they  must 
also  correspond  successively  to  the  same  star ;  and  the  time 
which  elapses  between  the  passage  of  two  meridians,  con- 
taining between  them  any  angle,  will  thus  be  to  the  time  of 
the  entire  rotation,  as  the  angle  contained  by  these  meridi- 
ans is  to  the  whole  circumference  of  the  circle.  Hence,  if 
we  could  measure  the  first  of  these  intervals,  in  order  to 
compare  it  with  the  second,  we  would  be  able  to  deduce  the 
angle  which  the  two  proposed  meridians  formed  with  each 
other.  To  obtain  this  comparison,  it  is  necessary  that  we 
should  be  able  to  indicate,  by  a  signal  visible  at  the  same 
time  at  places  under  the  two  meridians,  the  moment  at  which 
a  star  appears  upon  one  of  these  meridians,  this  instant  must 
be  noted,  and  a  well  regulated  clock  will  measure  the  time 
which  elapses  between  this  passage  and  that  of  the  same  star 
over  the  otiier  meridian. 

When  we  have  determined  by  this  method  the  angle 
which  the  meridian  PLp,  passing  through  the  place  L» 
makes  with  the  meridian  PAp,  passing  through  a  given 
place  Ay  the  place  L  becomes  entirely  determined,  provid- 
^  fliat  we  already  know  its  distance  6L  from  the  equator 
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EOF ;  ibr  it  will  neceasarilr  be  sitaated  at  the  intersection 
!•      of  the  semicircle  Vhp,  and  the  parallel  LM,  drawn  at  this 
"""""■*"  given  distance. 

The  shortest  distance  of  a  place  from  the  equator  is  term- 

o/uutude  ^  i^  latitude*    This  distance  is  measured  by  an  arc  of  the 

And  longi-  meridian  comprehended  between  the  place  and  the  equator. 

Latitude  is  north  for  those  places  which  lie  between  the 

north  pole  and  the  equator,  and  it  is  south  for  places  in  the 

opposite  hemisphere. 

'  The  angle  contained  hj  two  meridians,  measured  hj  an 
arc  of  the  equator,  or  of  a  circle  parallel  to  it,  is  termed  the 
difference  of  longitude  of  the  places  situated  under  these  two 
meridians.  That  we  may  ^timate  these  diflTerences  in  an 
absolute  manner,  it  is  necessary  to  assume  a  Jir$t  mendiaih 
the  choice  of  which  is  altogether  arbitrary,  and  has  varied 
at  different  periods.  The  absolute  longitude  of  a  place  is 
therefore  the  angle  which  the  meridian  of  that  place  forms 
with  the  iSrst  meridian. 

We  have  just  seen  that  the  determination  of  the  difference 
of  longitude  of  two  places  upon  the  earth  requires  the  use  of 
a  signal  visible  at  the  same  time  at  both  places.  It  is  evi- 
dent, that  for  places  separated  by  any  considerable  distance, 
the  only  signals  sufficiently  elevated  must  be  sought  among 
the  stars.  It  is  indeed  by  means  of  these  celestial  bodies 
that  the  geographer  determines  the  position  of  places.  We 
must  therefore  acquire  some  idea  of  their  motions,  particu- 
larly of  the  motions  of  the  sun  and  moon. 
A  aront  Every  attentive  observer  of  the  heavens  cannot  but  have 
motioni  of  remarked  that  the  sun,  besides  its,  apparent  diurnal  motion, 
the  sitn.  ^i^ich  it  has  in  common  with  all  the  stars,  appears,  in  the 
course  of  a  year,  to  change  its  place  in  a  twofold  manner. 
First,  it  appears  to  rise  and  to  sink  alternately  towards  one 
or  other  of  the  poles,  or  towards  the  north  and  south.  Again, 
if  we  observe  its  place  among  the  stars,  it  appears  either 
that  the  sun  recedes  daily  towards  the  east,  or  that  the  stars 
advance  in  the  opposite  direction ;  for  the  stars  which  we 
see  at  any  time  set  immediately  after  the  sun,  are,  on  the 
following  evening,  lost  among  the  rays  of  the  setting  sun ; 
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some  days  afterwards  fhey  re-appear  in  the  east,  and  their    book 
rifling  precedes  daily  more  and  more  that  of  the  sum    At       ^ 
Ia|t,  after  a  year,  or  about  365  days,  the  sun  and  stars  are "— — ^ 
again  seen  in  the  same  relative  position. 

The  complexity  of  these  motions  is  yet  increased  by  the 
confusion  presented  by  the  apparent  motions,  of  the  other 
]danet8 ;  sometimes  they  seem  to  be  hurried  along  by  an 
impetuous  whirlwind^  at  other  times  they  appear  to  become 
stationary,  or  even  to  acquire  a  retrograde  motion.  The 
impossibility  of  reconciling  this  confusion  of  the  heavens 
widi  the  most  simple  principles  of  physical  science,  involve 
ed  Ptolemy,  Tycho-Brah6,  and  all  others  who,  like  them, 
maintained  the  doctrine  of  the  immobility  of  our  earth,  in  a 
hbyrinth  of  contradictory  hypotheses.  Copernicus  reduced  Hy^Uietit 
tills  chaos  into  perfect  order  and  regularity,  by  supposing,  ^uf  ^^""* 
wiUi  some  ancient  philosophers,  that  while  the  earth  turns 
upon  its  own  axis  from  west  to  east  in  the  interval  of  a  day, 
iti  mass  having  at  the  same  time  a  motion  in  absolute  space, 
likewise  firom  west  to  east,  performs,  in  a  plane  inclined  to 
Ihe  equator,  an  entire  revolution  round  the  sun  in  the  space 
of  a  year. 

This  double  motion,  which  some  minds  still  find  it  diffi« 
cdt  to  conceive,  presents  itself  nevertheless  to  our  view  in 
the  tap  which  furnishes  an  amusement  of  childhood ;  at  the 
same  time  that  it  turns,  by  a  motion  of  rotation,  upon  the 
piece  of  iron,  which,  passing  through  it,  forms  its  axis,  it 
describes  also  upon  the  ground  an  orbit  composed  of  curves 
which  depend  upon  the  impulse  that  it  has  at  first  received. 

We  proceed  to  the  explanation  of  the  apparent  motions 
of  the  sun,  according  to  the  hypothesis  of  Copernicus.  The  uon  of  the 
axis  of  the  earth,  wifli  regard  to  the  plane  of  the  ecliptic,  ®^'^ 
that  is^  of  the  circle  which  the  centre  of  the  earth  describes 
in  its  annual  motion  round  the  sun,  remaining  always  pa- 
rallel to  itself,  presents  alternately  each  of  its  poles  towards 
the  son.  This  phenomenon  may  easily  be  illustrated  by 
ig.  7,  in  which  the  lines  P  p,  which  are  parallel  to  each 
other,  represent  the  axis  of  the  earth,  S  the  centre  of  the 
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BOOK  mxn,  and  Al^CD  the  elliptic  curre  which  the  earth  describes 
^       about  the  sun.    In  consequence  of  this  parallelism  of  the 

**"^''~*  axisy  the  pole  P,  which  is  the  one  nearer  to  the  sun  w^en 
the  earth  is  at  B^  becomes  the  more  remote. when  the  earth 
is  at  D ;  because  in  the  former  position  the  inclinatioD  of 
the  part  BF  of  the  earth's  axis  is  directed  towards  the  in- 
side of  the  curve  ABCD ;  but  in  the  latter  it  is  directed 
towards  the  outside*  At  the  two  intermediate  points,  A  and 
^  C,  the  aus  PP  is  inclined  neither  towards  tlie  sun  nor  from 
it;  but  in  every  other  point  of  the  orbit  ABCD,  it  necessa^ 
rily  takes  an  inclined  position  relatively  to  the  sun.  These 
different  positions,  being  the  cause  of  the  difference  of  the 
seasons,  deserve,  however,  to  be  explained  more  in  detail* 

E&etsof       Let  us  examine  the  position  in  wliich  the  pole  P  is 

rental-  directed  towards  the  sun,  and  which  is  represented  in  fig.  8. 

lions  of  the  A  single  glauce  shews  us  that  the  surface  of  the  earth  is 
at  every  instant  divided  into  two  parts,  the  one  illuminated 
by  the  sun,  and  the  other  deprived  of  his  light  The  com- 
mon  boundary  of  these  two  parts  is  determined  by  the  great 
circle  IL  fc,  whose  plane  is  perpendicular  to  the  line  SO 
drawn  firom  the  centre  of  the  sun  to  that  of  the  earth.  To 
this  line  we  suppose  the  sun's  rays  to  be  parallel;  seeing 
that  from  the  great  distance  of  the  sun,  and  the  small  dia- 
meter of  the  earth,  all  convei^ency  or  divei^ency  become 
insensible.  It  appears  evident,  therefore,  that  tiie  circle 
IL  fc.  which  iB  denominated  the  drde  of  UhminatUmf  em- 
braces the  whole  surface  which  the  earth  presents  to  the 
sun.  Hence  we  see  that  the  equator  ELF,  being  a  great 
circle,  and  consequently  divided  into  two  equal  parts  by 
the  circle  of  illumination ;  each  point  of  the  equator  must 
necessarily  be  illuminated  by  the  sun  during  half  the  time 
that  the  earth  requires  to  perform  its  diurnal  revolution. 
We  see  besides,  that  all  the  circles  described  by  the  diffe- 
rent points  of  the  arc  P£  are  unequally  divided  by  the 
circle  of  illumination,  and  that  this  inequality  becomes  more 
sensible  according  as  the  circles  are  farther  removed  from 
the  equator.    In  this  case  the  greater  of  the  two  portions  lies 
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QpoB  the  iUQnunated  side  of  the  earth ;  and  it  is  only  the  book 
fliiftlkr  portton  which  lies  upon  the  dark  side :  for  all  these  '- 
points,  therefore,  the  length  of  the  day  must  exceed  the 
length  of  the  night  With  regard  to  the  whole  region 
ciuniirehended  within  the  circle  IK,  described  by  the  point 
I,  there  can  be  no  nightt  since  that  circle  lies  entii*ely  upon 
tlifi  illumiDated  side  of  the  globe. 

The  otiier  hemisphere  £  p  F  must  necessarily  present 
SB  ai^earaBce  in  every  respect  the  reverse  of  that  which  we 
Iiave  now  described.  The  length  of  the  days  must  there 
difiiiBish  as  we  approach  the  pole ;  and  the  polar  region^ 
which  lies  entirely  upon  the  dark  side  of  the  earth,  is 
buried  in  perpetual  night. 

We  see  also^  by  the  name  figure,  that  while  the  earth 
revolves  upon  its  axis,  the  point  in  which  the  line  SHG, 
joining  its  centre  with  that  of  the  sun,  intersects  its  surface, 
traces  upon  it  a  circle,  all  the  points  of  which  come  succes^ 
savdy  to  receive  tlie  perpendicular  rays  of  the  sun ;  but  if 
we  reaove  firom  it  towards  either  pole,  we  enjoy  only  the 
oblique  rays.  Hence  it  follows,  the  nearer  a  place  is  to 
tiie  circle  passing  through  the  points  6,  B,  the  higher  will 
the  son  ^ipear  to  rise  above  its  horizon. 

Let  as  now  considw  the  length  of  the  days  and  nights  at  Position  of 
tke  time  when  the  earth  is  situated  at  the  point  A  or  C.    In  the  equi^ 
ibis  pgBition  the  solar  ray  SA  or  SC,  Fig.  7.  is  directed  to-  >'°'''''- 
wards  the  centre  of  the  earth,  in  a  line  perpendicular  to  the 
axis ;  and  the  equator,  as  well  as  all  the  circles  parallel  to  ity 
are  divided  into  equal  parts  by  the  circle  of  illumination : 
but  since  the  extent  of  the  enlightened  part  of  the  earth  is 
equal  to  that  of  the  dark  part,  the  length  of  the  day  must 
therefore  be  equal  to  that  of  the  night,  for  every  point  of 
fte  surCace  of  the  earth.    The  seasons  at  which  the  centre 
of  the  earth  is  in  these  two  positions,  have  been  denorni- 
nated  the  equrnxKes ;  and  as  the  sun  is  then  in  the  plane 
of  the  equator,  that  circle  has  thus  received  the  name  of 
the  equinoctial  Une,  or  simply  of  the  Ihie. 

The  time  which  elapses  during  the  earth's  motion  from  Astronomi- 
tbe  point  A  to  the  point  B  in  figure  7,  is  denominated  thell\^^' 

vol.  I.  2 
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BOOK  astronomical  springs  for  the  hemisphere  EPF.  As  flie 
'*  earth,  setting  out  from  the  spring  equinox,  advances  in  its 
"""""■"^  orbit,  the  plane  of  the  equator  becomes  more  and  more  de- 
pre^'sed  in  relation  to  the  sun«  which  appears  to  rise  to- 
.  wards  the  pole.  When  the  sun  has  attained  its  greatest 
apparent  altitude  at  the  point  B,  the  semi-axis  BP  of  the 
earth  has  th^'n  its  greatest  possible  inclination  towards  the 
sun,  which  at  this  season  appears  nearest  to  the  pole  F: 
that  day  is  the  longest  of  the  year,  and  the  summer  of  the 
hemisphere  EPF  commences.  This  situation  of  the  axis 
appearing  to  remain  the  same  for  several  days,  this  point 
is  calleil  the  summer  solstice.  This  is  the  position  which 
we  have  examined  in  detail  in  figure  8,  and  which  corres- 
ponds to  the  summer  of  our  regions.  The  earth  having 
arrived  at  the  second  equinox  C,  autumn  commences  in 
the  hemisphere  which  we  inhabit  At  this  season,  the  sun, 
appearing  to  descend  in  the  heavens,  returns  to  the  plane 
of  the  equator,  in  which  he  again  appears  to  perform  his 
diurnal  revolution.  Having  crossed  the  equator,  the  sun 
still  appears  to  descend  below  it,  while  the  semi-axis  CP 
inclines,  at  the  same  time,  more  and  more  in  the  opposite 
direction,  until  the  earth  has  reached  D,  the  point  at  which 
the  winter  of  the  hemisphere  EPF  commences:  the  axis 
then  remaining  for  several  days  almost  in  the  same  situa- 
tion, this  point  is  named  the  winter  solstice.  The  position 
of  the  earth  at  this  point  may  be  examined  by  help  of  fig- 
ure 9,  which  represents  the  winter  of  our  regions.  The 
duration  of  this  season  is  determined  by  the  time  which  the 
earth  employs  in  returning  to  the  point  A.  During  this 
period,  the  pole  P  is  approaching  the  sun,  which  conse- 
quently appears  to  ascend  towards  the  equator,  at  which  it 
arrives  when  the  earth,  returning  to  the  point  A,  finishes 
its  annual  revolution. 

In  the  opposite  hemisphere  E  p  F,  the  succession  of  the 
seasons  is  reversed,  so  that  the  spring  of  this  hemisphere 
answers  to  the  autumn  of  the  other,  and  so  on. 

We  remark  farther,  that  the  orbit  of  the  earth  ABCD, 
Fig.  7.  being  an  ellipse  or  oval,  in  one  of  the  foci  of  which 
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tiie  9un  is  situated,  the  earth  employs  a  greater  number  of   book 
days  in  moving  from  the  point  of  the  spring  equinox  A,       ^* 

dirottgh  the  summer  solstice  B,  to  the  iwint  of  the  autum- 

ml  equinox  €»  than  in  describing  the  remaining  part  of  its 
orbit    This  circumstance  gives  to  the  northern  hemisphere  Advanta- 
which  we  inhabit,  the  advantage  of  a  spring  and  a  summer  ^"thlrn** 
a  little  longer  than  those  enjoyed  by  the  inhabitants  of  the  hemis- 
soathem  hemisphere.  ^***'*' 

The  first  astronomers,  in  order  the  better  to  estimate  The  zo- 
tikis  apparent  motion  of  the  sun,  referred  it  to  the  constella-  ^^^^' 
tions  or  groups  of  fixed  stars  through  which  the  sun  appears 
successively  to  pass,  and  which  are  twelve  in  number.    The 
following  are  their  names,  and  the  characters  which  are 
used  for  representing  them : 

<f  Aries,  8  T^rus,  n  Gemini,        ThetweWfl 

c  Cancer^  a  Leo,  9  Virgo,         •*«"*• 

^  Libra,  HI  Scorpio,  /   Sagittarius, 

y}  Capricomus,        S8p   Aquarius,  H  Pisces. 

These  representations  of  animals,  which  astronomers,  ia 
the  infancy  of  the  science,  supposed  to  be  traced  upon  the 
heavens,  led  them  to  give  the  name  of  Zodiac*  to  the  zone 
which  these  twelve  constellations  occupy.  Each  constel- 
lation is  called  a  sigtu  It  is  proper  to  remark,  that,  in 
consequence  of  a  particular  slow  motion  of  the  axis  of  the 
earth,  the  constellations  no  longer  correspond  to  the  same 
points  of  the  orbit ;  but,  as  we  confine  the  name  of  signs 
to  the  twelve  divisions  of  the  circumference  of  the  circle 
which  measures  the  whole  revolution  of  the  earth,  and  as 
these  divisions,  each  of  which  contains  30  degrees,  do  not 
change,  the  spring  equinox  always  corresponds  to  the  first 
point  of  the  sign  JShries  ;  the  summer  solstice  coincides  with 
the  first  point  of  Cancer;  the  autumnal  equinox  falls  upon 
the  first  point  of  Libra ;  and  the  winter  solstice  upon  the  . 
first  point  of  Capricomus,  although  the  constellations  or 
groups  of  stars  to  which  these  names  belong,  have  ceased 
to  be  connected  with  these  seasons. 

*  From  ^vlior,  an  animsl.  # 
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BOOK       The  apparent  motion  of  the  sun,  by  which  he  recedes 
I*      from  the  equator^  sometimes  towards  the  north,  and  some- 
tinies  towards  the  south,  causes  him  to  pass  successively 
throagh  the  zenith  of  all  the  points  of  the  earth^s  surface, 
The  tro-    comprised  between  the  two  circles  6H  and  gh  (Figs.  8  and 
pics.         9.)  parallel  to  the  equator,  and  upon  which  the  rays  of  the 
sun  fall  vertically  at  the  two  solstices.    These  limits,  at 
wliich  the  sun  appears  to  stop  and  to  retract  his  steps, 
have  received  the  name  of  tropics, — that  is,  circles  of  re- 
turn.*   That  which  corresponds  to  the  summer  solstice,  is 
called  the  iropic  of  Cancer,  and  the  other,  the  tropic  of  C«- 
pricorn. 
Polar  cir-      The  circles  IK  and  i  ft,  which  circumscribe  towards  each 
^^^''         pole,  the  part  of  the  earth's  surface  deprived  of  the  solar 
rays  when  the  sun  is  in  the  opposite  hemisphere,  are  deno- 
minated polar  circles ;  the  one  is  called  the  arctiCf  and  the 
other  the  antarctic  polar  circle. 
Terrestrial     The  surface  of  the  earth  is  thus  divided  into  five  caones, 
20Dei,       ^j.  j^^i^g^  jjy  ^lj^  polar  circles  and  tlie  tropics :  those  which 
are  enclosed  by  the  polar  circles,  being  deprived  of  the 
heat  of  the  sun  for  a  gi^^at  part  of  the  year,  and  during  the 
other  part,  receiving  its  rays  but  very  obliquely,  have  de- 
servedly received  the  name  otfrigidf  or  frozen  zones.    Two 
other  zones,  one  in  each  hemisphere  comprehended  between 
the  polar  circle  and  the  ti*opic,  receive  the  sun's  rays  less 
obliquely  than  the  frozen  zones,  but  never  vertically ;  these 
ai*e  the  temperate  %ones»    Lastly,  the  zone  comprehended 
between  the  two  tropics,  each  point  of  which  passes  twice 
under  the  sun  in  the  year,  and  which  receives  constantly 
the  solar  rays,  in  a  direction  very  little  oblique,  has  ob- 
tained the  name  of  the  torrid  zone.    We  shall  elsewhere 
recur  to  the  physical  qualities  of  these  great  regions  of  the 
globe. 
ciimatai.       The  ancient  geographers  frequently  made  use  of  a  divi- 
sion of  the  earth  into  climates,  which  was  founded  upon 
the  length  of  the  day^  compared  with  that  of  the  night  at 

*  From  <rg«ir»9  a  return. 
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tbc  sumiDer  solstice.    The  climates  are  counted  by  the  dif-    book 
ference  of  half  an  hour,  until  we  reach  the  polar  circle,       ^' 
where   the  differences   succeed  each  other  more  rapidly  | 
from   that  circle  to  the  pole  they  are  reckoned  by  the 
montlu* 

The  contrast  of  the  seasons,  in  the  hemispheres  situated 
io  the  north  and  to  the  south  of  the  equator,  has  given 
rise  to  certain  distinctions  which  it  is  necessary  to  know, 
as  they  are  sometimea  met  with  in  ancient  books  of  geo- 
graphy. The  people  who  live  under  tlie  same  meiiilian, 
and  at  the  same  latitude,  on  opposite  sides  of  the  equator, 
are  called  antsed  ;\  they  reckon  the  same  hours  at  the  same  a°^«c>* 
instanl^  but  they  have  opposite  seasons.  Those  who  live 
under  opposite  meridians,  upon  the  same  side  of  the  equa- 
tor, and  at  equal  distances  from  it,  are  called  pertcBci  4  ^^"*^'' 
they  reckon  at  the  same  instant  opposite  hours,  the  one 
having  midnight  when  the  other  have  mid-day ;  but  lying 
towards  the  same  pole,  they  enjoy  the  same  seasons. 

The  ancient  geographers  distinguished  the  inhabitants 
of  the  earth  likewise  according  to  the  direction  of  their 
shadows.     They  called  heterosdi^  those  who  inhabit  the  Heteroicii. 
temperate  zones,  because  their  shadows,  being  always  turn- 
ed towards  that  pole  which  is  elevated  above  their  respec- 
tive horizons,  fall  consequently  in  opposite  directions.    The 
inhabitants  of  the  frozen  zones,  who,  at  one  time  of  the 
year,  enjoy  the  presence  of  the  sun  for  upwards  of  twenty- 
four  hours,  see  that  luminary  make  a  complete  circuit  round 
the  heavens,  so  as  to  project  their  shadows  in  all  directions  $ 
hence  they  have  been  called  perisdu\\    Lastly,  the  inbabi-  !*«"•«»• 
tants  of  the  torrid  zone  are  called  anvpKisdi  or  asdi/^  be-  Amphiscij. 
cause  their  shadows,  which  are  almost  nothing  at  mid-day,  ^'^"' 
are  directed  by  turns  towards  either  pole. 

*  See,  at  the  end  ^f  the  Tolume,  a  Table  of  the  Climatfs, 

t  FroB  «fTi|  oppofite  to,  and  msia,  a  habitation. 

i  Prom  wtp^  about,  and  uMtf  a  habitation. 

i  From  tn^icv  different,  and  mie,  a  shadow. 

B  From  mft  and  ^m*  ;  see  above. 

1  From  «^fi,  around,  er  from  «,  tcithouiy  and  nii«. 
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BOOK        We  pass  to  a  distinrtion  of  more  importance.    In  consi- 
^*       dering  local  phpnomena,  we  distinguish  three  positions  of 
the  sphere^  that  is,  of  the  assemblage  of  diflTerent  circles 
The  right,  which  wc  liave  now  pointeil  out^  and  which  serve  to  deter* 
and^krai-  ™'"*'  ^^^  relative  poRitions  of  the  heavenly  bodies. 
Id  sphere.       To  the  inhabitants  at  the  equator,  the  sphere  is  said  to 
be  righU  because  the  plane  of  that  circle  passing  through 
their  zenith  is,  with  regard  to  them,  perpendicular  to  the 
horizon ;  and  hence  the  heavenly  bodies,  which,  in  their 
apparent  diurnal  motion,  describe  parallels  to  the  equator^ 
appear  to  rise  and  to  descend  vertically  in  reference  to  the 
horizon.    To  the  people  who  dwell  between  the  equator 
and  the  poles,  the  sphere  is  said  to  be  obliquef  because  the 
equator  cutting  their  horizon  obliquely,  the  apparent  courses 
of  the  heavenly  bodies  can  never  be  perpendicular  nor  paral- 
lel to  their  horizon.     Lastly,  at  either  pole,  the  horizon 
coincides  with  the  equator,  so  that  the  heavenly  bodies  de- 
scribe circles  parallel  to  the  horizon :  to  an  inhabitant  of 
the  pole,  therefore,  were  there  any  such,  the  sphere  would 
appear  paralUU 

As  the  limits  of  the  zones  and  of  the  climates  depend 
upon  the  inclination  of  the  axis  of  the  earth  to  the  plane  of 
the  ecliptic,  it  is  of  im|)ortance  to  determine  this  inclina- 
tion. We  may  easily  discover  it  by  observing  at  one  and 
the  same  place  the  greatest  and  least  altitude  of  the  sun, 
when  it  passes  the  meridian  at  the  summer  and  winter  sol- 
stices. For,  since  in  both  cases  the  sun  is  equally  distant 
from  the  equator,  on  the  one  side  and  on  the  other,  this 
circle  must  cut  the  meridian  at  a  mean  altitude  between 
the  extreme  altitudes  of  the  sun;  and  the  difference  of 
these  altitudes  will  be  double  of  the  angular  distance  to 
which  the  sun  recedes  from  the  equator  towards  the  north 
and  south.  We  shall  determine  at  once,  therefore,  this 
distance,  and  the  poHition  of  the  equator  above  the  hori- 
zon, as  soon  as  we  have  obtained  the  latitude  of  the  place 
of  observation. 

At  Paris,  for  example,  the  sun  rises,  at  the  summer  sol- 
stice, to  64**  38'  above  the  horizon,  and  to  W  42\  at  the 


BIATHEHATICAIi  OEOGBAPHT.  23 

viBier  solstiGe.    The  sum  of  these  altitudes  is  82^  20',  of    book 
which  the  half  is  4  V  10' :  this  is  the  height  of  the  equator       <• 
above  the  horizon  of  Paris  ;    and,  taking  its  complement  — — — • 
to  a  right  angle,  or  to  90%  we  find  that  the  distance   of 
the  equator  from  the  zenith,  or  the  latitude  of  Paris,  is  48* 
50'. 

By  subtracting  the  one  of  these  altitudes  of  the  sun  from 
the  other,  we  find  a  difierence  of  46**  56',  of  which  the  half, 
or  2S^  28',  is  equal  to  the  number  of  degrees  to  which  the 
sun  recedes  from  the  equator  towards  either  pole.  Such  is 
the  angle  which  the  plam<'s  of  the  equator  and  ecliptic  make 
with  each  other- 

This  is  what  is  called  the  obliq^dty  of  the  edipHc  It  is  Obliquity 
■ot  invariable ;  observations,  joined  with  the  calculation  of^^^^*.^^ 
the  fiirces  which  produce  the  motions  of  the  planets,  have 
shewn  that  the  inclination  of  the  terrestrial  equator  is  sub- 
ject to  a  diminution  of  about  50"  in  a  century,  till  it  reaches 
a  cotun  limit  which  is  not  yet  exactly  determined,  after 
which  time  it  begins  to  increase."^  The  terrestrial  zones 
vary  therefore  in  proportion  to  this  change.  By  assuming 
the  mean  of  the  present  obliquity  of  the  ecliptic,  we  find 
diat  if  we  divide  the  surface  of  the  earth  into  10,000  equal 
parts,  the  torrid  zone  will  occupy  3982  of  these  parts,  the 
two  temperate  zones,  5191,  and  the  two  frigid  zones  the  re- 
autfning  827  parts. 

The  two  combined  motions  of  the  earth  produce  in  the 
estimation  of  time  a  difference  that  influences  the  methods 
by  which  geographical  positions  are  determined.  We  dis- 
tinguish several  kinds  of  days  and  of  years. 

The  tropical  or  solar  year  is  the  time  which  the  earth.  Tropical 
setting  out  from  one  of  the  equinoxes,  occupies  in  describ-  ^^"' 
iag  the  ecliptic,  so  as  to  return  to  the  same  point :  it  com- 
prehends 365  mean  days,  5  hours,  48  minutes,  50  seconds. 
It  is  denominated  the  tropical  year^  because  this  interval 
of  time  must  elapse,  in  order  that  each  season  may  return 
in  the  same  order  as  before.    In  consequence  of  the  appa« 

*  Laplace,  SyitAmt  da  Monde,  p.  11  et  197< 
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rent  Motion  of  the  poles,  or  of  the  axis  of  the  cartii»  the 
oqaiBoctia]  points^  bj9  wdl  m  all  the  other  poimts  of  tiie 

"—*"■""  ecliptic,  appear  to  have  a  retrograde  nmtion  with  rff^ard  to 
the  stars.  This  niotk>ii  i.s  deiiQiiiinated  the  precesnom  of 
the  eqaiaozes*  AstroiionerR  have  estimated  it  at  about 
50"  in  a  year;  which  lengthens  the  annual  revolution  of 
the  earth  bj  30'  24'%  when  it  is  compared  witk  the  stars. 
The  period  of  this  involution  is  named  the  siderial  year, 

y^^^!'^^  ^'  oonsiats  of  565  days,  6  hoars,  9  mimites,  and  12  se- 
oonds. 

MtaD  day.  jff^  length  of  the  astronomical  mem  day,  which  is  divid- 
ed into  twenty-four  boors,  is  determined  by  the  interval 
which  elapses  between  two  consecutive  passages  of  the  sun 
over  flie  iMridian  of  the  sane  place,  supposing  this  appar 
rent  motion  of  the  sun  to  be  performed  «ith  an  uniform  ve- 
looity.  But  it  is  necessary  to  observe,  jErxl,  that  our  earth 
does  not  oocupy  quito  £4  hours  in  its  rotation,  because  that 
in  the  same  tkue  which  it  employs  in  revolving  round  its 
ails,  it  advances  in  its  orbit  towards  the  east  about  s  de- 
gree in  space,  corresponding  to  four  minutes  of  ttme,  or 
more  exactly  to  9  minutes  56  seconds^  Hence  it  fellows 
that  the  interval  between  two  passages  of  a  fixed  star  over 
thosamemeridian,  which  measures  the  true  time  of  the  earth'^ 

Siderial  rotation»  or  of  tho  siderial  day,  is  only  dS  hours  56'  4".  The 
^^*  siderial  day  can  scarcely  be  employed  for  measuring  Hmm  in 
civil  life,  becaiise  the  siderial  hours  never  coincide  witik  the 
soImt  hours. 

Solar  day.  We  make  use  thereftnro  of  the  mAar  da/iff  that  is,  of  the 
time  of  a  revolution  of  the  earth  about  its  axis,  in  refer- 
ence to  the  sun ;  but  this  time  is  not  the  same  at  all  the 
points  of  the  orbit,  or  at  all  seasons  of  the  year.  This 
inequality  arises  from  two  distinct  causes :  the  oblique  po- 
sition of  the  erliptic  wit!)  regard  to  the  equator,  and  the 
inequality  of  the  apparent  motion  of  the  sun  in  the  ecliptic* 
The  obliquity  of  the  erliptic  causes  the  arc  of  the  equator, 
which  passes  the  meiridian  in  the  same  time  with  the  diur- 
nal arc  of  the  ecliptic,  to  be  not  always  equal  to  it,  but  to 
be  sometimes  greater  and  sometimes  less*    With  regard  to 
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fte  second  causey  we  observe  that  the  sun,  being  placed  in  book 
flnc  of  the  foci  of  the  elliptic  orbit  of  the  earth,  appears  to  ^ 
■o?e  more  slowly  in  the  six  northern  signs  than  in  the  six 
watbem ;  anrt  this  difference  of  velocity  is  sufficient  to  ren- 
der oneqttal  the  diurnal  arcs  of  the  equator.  It  arises  from 
tlNt  ottiAn  uf  the«e  two  causes,  that  the  length  of  the  solar 
day,  compared  with  the  time  of  the  earth's  rotation,  is  some- 
thnes  less  and  sometimes  greater  than  twenty* fear  hours; 
•wl  this  inequality  will  always  be  greatest  when  the  two 


which  we  have  just  explained  concur  in  accumnlat- 
the  diflferences  in  the  same  direction.    The  series  of 
diflhrences  form  what  is  called  the  equatwn  of  /tme, 
<^tiie  quantity  which  must,  at  certain  seasons,  be  added 
tD,  and  at  other  seasons  subtracted  from,  the  hour  indicat- 
ed bf  clorfcs*  which  are  regulated  by  the  sun«  and  mark  the 
Itk  h'me,  if  we  wish  to  get  the  mean  or  astronomical  time,  i^^anor 
Now,  it  is  for  mean  time  that  the  astronomical  tables  are  aitronomi- 
constroctM,  by  help  of  which  we  calculate  the  motions  <rf  "*****"•• 
the  stars,  and  from  these  motions  deduce  the  geographical 
positkmn  of  places. 

We  have  now  considered  the  earth  in  relation  to  theifotionsof 
«m ;  hot  it  is  also  very  closely  connected  with  the  moon.  *«  "'o°°- 
This  satellite  of  our  planet  performs  its  revolution  round  ^  „onth, 
the  earth  in  27  days  7  hours,  4S'  11" :  this  time  is  usually 
caiM  a  periodieal  month.    It  is  observed,  that  the  moon 
employs  a  little  more  'than  this  time  to  return  to  the  sun 
efter  each  conjunction.    The  true  cause  of  this  difference 
is,  that  the  earth,  and  consequently  the  moon  its  satellite, 
advances  in  the  ecliptic,  while  the  moon  describes  her  oi-bit; 
so  tiiat  before  the  moon  comes  into  the  same  position  rela-  * 
tively  to  the  sun,  2  days  and  about  5  hours  elapse,  beyond 
llie  time  required  for  completing  a  revolution.    The  whole 
time  ociupied  in  returning  to  the  sun  is  29  days  12  hours, 
44'   3"    10'".    This  space  of  time  is  called  a  synodical 
monl^  or  lunar  month.     It  commences  from  the  moment 
when  the  mocm  is  directly  between  the  sun  and  the  earthy 
in  which  position  the  moon  is  said  to  be  in  conjunction. 
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BOOK  This  aspect  is  represented  in  figure  10^  where  S  reiireseiite 
'*  the  sun,  T  the  earth,  and  L  tlie  moon. 
~""~*  In  describing  its  orbit,  the  moon  takes,  with  regard  to 
the  son,  many  situations,  from  which  arise  the  aspects,  or 
pkaaeSf  which  it  assumes.  The  mocm  being  an  opaque 
body,  can  be  seen  only  in  as  far  as  it  reflects  the  light  that 
it  receives  from  the  sun  ;  it  can  be  visible  to  us,  therefore^ 
only  when  it  begins,  after  having  passed  the  point  L,  to 
turn  towards  the  earth  a  portion  of  its  enlightened  disk. 
This  portion  increases  according  as  the  moon  recedes  from 
the  sun,  until  it  arrives  at  L',  the  opposite  point  of  its  or- 
bits, when  the  earth  being  between  it  and  the  sun,  we  see 
the  whole  enlightened  hemisphere ;  the  moon  then  appears 
fall,  and  is  said  to  be  in  apposition  with  the  sun. 

The  conjunction  and  opposition  of  the  moon  with  regard 
to  the  sun,  or  the  new  and  full  moon,  are  what  are  called 
the  9y%ygies.  When  the  moon  is  distant  from  the  sun  a 
fourth  part  of  the  circumference,  as  at  i  or  i%  it  is  ia 
quadraturej  and  shews  only  one-half  of  its  enlightened  he- 
misphere. It  is  the  first  or  last  quarter,  according  as  the 
round  edge  of  the  enlightened  part  is  towards  the  west  or 
east 
.Kciipiesof  One  would  be  led  to  suppose  that  the  moon,  every  time 
^^"■"""^  it  comes  into  conjunction  with  the  sun,  ought  to  conceal 
from  us  the  whole^  or,  at  least,  a  part  of  the  disk  of  the  sun ; 
and  that  every  time  it  is  in  opposition,  it  ought  to  pass 
through  the  shadow  which  the  earth  projects  behind  it;  so 
that  there  would  be,  in  the  former  case,  an  edipse  of  th^ 
suUf  and  in  the  latter,  an  edipse  of  the  moon»  These  phe- 
nomena do  not,  however,  occur  at  every  new  and  full 
moon ;  and  the  reason  is,  that  the  plane  of  the  moon's  orbit 
is  inclined  to  that  of  the  ecliptic,  and  that  these  two  planes 
meet  one  another  only  in  their  line  of  common  section, 
which  passes  through  the  centre  of  the  earth.  It  is  evident 
that  the  moon  is  not  in  the  plane  of  the  ecliptic,  except 
when  it  passes  through  one  or  other  of  the  extremities  of 
this  line,  that  is  to  say,  when  it  is  in  the  nodes  of  its  orbit 
When  the  conjunctions  and  oppositions  coincide  with  the 
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noieSf  there  are  eclipses;  in  the  opposite  case  no  eclipse  book 
hapfteiis.  We  shall  comprehend  better  these  pflrticulars  by  *• 
comparing  figure  10,  which  represents  in  a  geometrical  plane 
the  orbits  of  the  earth  and  of  the  moon,  with  figure  1 1,  which 
shows  their  section  or  profle^  ahmg  the  line  ST.  This  line 
ST  repreflents  the  plane  of  the  ecliptic,  and  L I  that  of  the 
lunar  orbit.  We  proceed  now  to  point  out  in  what  man- 
ner the  obserration  of  these  phenomena  enable  us  to  de- 
termine the  longitude  of  a  place  upon  the  earth. 

We  know,  that  in  order  to  find  the  difference  of  longitude 
between  two  places,  it  is  only  required  to  ascertain  precise- 
ly the  hour  which  is  reckoned  at  the  same  instant  at  each  of 
diese  places,  by  the  observation  of  some  instantaneous  phe- 
nomenon which  can  be  seen  at  both. 

The  eclipses  of  the  moon  app^^ar  at  first  view  the  most  fa-  Longitude 
▼oarable  phenomena;  for  the  entrance  of  the  moon  into  the  *»>.***•     ^ 

,-  '  ,  i»t«  eclipses  of 

snadow  of  the  earth  takes  place  at  the  same  instant  tor  all  the  moon. 
the  points  of  the  hemisphere  which  is  then  turned  towards 
fte  moon ;  that  is,  for  all  the  places  where  the  eclipse  can 
be  observed ;  besides,  the  spots  visible  upon  the  lunar  disk^ 
tflbrd  the  means  of  making  several  observations  upon  the 
same  eclipse,  by  marking  with  precision  the  time  of  the  dis- 
appearing of  each  spot  at  its  entrance  into  the  shadow,  or 
thetminerston,  and  that  of  its  reappearing  at  its  coming  out  of 
tiie  shadow,  or  the  emersion :  supposing  tliat  we  have  deter- 
mined at  each  place  the  true  time  of  tliis  observation,  the 
difference  of  these  times,  converted  into  degi-ees  of  the  equa- 
tor, will  give  immediately  the  difference  of  the  longitudes. 
If  all  the  results  obtained  do  not  exactly  agree,  tlie  mean  of 
all  the  observations  is  commonly  taken  ;  but  it  is  much  bet- 
ter to  examine  in  detail  the  circumstances  which  have  ac- 
companied each  observation,  appreciating  accorciingly  the 
relative  accuracy  of  each,  and  io  compare  only  those  which 
are  free  from  all  suspicion  of  inaccuracy.  ^ 

•  Burgy  in  Zaeh^  Astronomical  correspnndpnre,  iv,  629.  OUmannif  Rf- 
MvchM  upon  tha  geography  of  the  JNew  Continent ;  ptustau 
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BOOK       There  ir  no  absolute  need  of  coiYesponding  obflenratioin. 

^      The  astronomical  almanacks*  such  as  the  Cannaissanee  in 

.  Ttm$  of  the  French,  the  A)ni/ci»i  JIhMtnack  of  the  Englisbi 

cai  akori'  OT  the  CaktidriiT  du  Mivii/^teur  of  the  Danes,  give  the  re* 

Bftcki.       ggi^  ^f  id^  calculations  of  eclipses  onade  before-hand  for  a 

known  point. 

It  is  in  this  manner  that  M.  Lalande  has  determined  the 
longitude  of  CoMth  a  city  in  the  north  of  Persia*  from  the 
^  eclipse  of  tihe  moon  which  happened  on  the  SOtb  June, 
1787,  and  was  observed  at  that  place  by  the  astronomer 
Beauehamp.  The  end  of  the  eclipse,  or  tiie  total  emersion 
of  the  Innar  disk  from  the  shadow  of  the  earth,  having 
taken  place  at  CaMn  at  7  hours  45*  80",  true  time,  and  the 
calculation  giving  for  Parts,  4  hours  36'  88"«  the  difference^ 
which  is  3  hours  8'  5S",  is  equal  to  the  difference  of  the 
longitudes  of  Paris  and  Casbin.  If  we  convert  it  into  de- 
grees, allowing  15  for  an  hoar,  which  gives  15  minutes  of 
a  degree  for  a  minute  of  time,  and  1 5  seconds  of  a  degree 
lor  a  second  of  time,  we  shall  have  for  3  hours,  8'  5^"  in 
time,  an  arc  of  45°  13'.  This  is  the  longitude  of  Casbin 
relatively  to  the  meridian  of  PariHi»  as  deduced  from  the 
above  observation.  But  eclipses  of  the  mo<m  present  this 
great  inconvenience,  that  the  instant  when  Uie  lunar  disk 
enters  into  the  true  shadow  of  the  earth,  the  instant  ^hirh 
marks  the  commencement  of  the  eclipse,  can  never  be  as- 
signed with  precision ;  we  cannot  therefore  be  certain  of  not 
erring  a  few  seconds  of  time  in  the  determination  of  the 
phases  of  an  eclipse  of  the  moon ;  for  this  reason,  the  use 
of  lunar  eclipses  for  determining  longitudes  is  now  general- 
ly abandoned. 
Longitudes  Coisini  was  the  first  who,  in  1668,  proposed  to  make 
teiiites  oV  o^  of  the  ecIipses  of  the  satellites  of  Jupiter,  for  the  pur- 
Jopiter.  p9ge  of  finding  longitudes.  The  theory  of  these  eclijises  is 
the  same  with  that  of  the  eclipses  of  the  moon ;  for  the  sa- 
tellites of  Jupiter,  when  placed  in  circumstances  similar  to 
those  which  produce  the  eclipses  of  the  moon,  fall,  in  like 
manner,  into  the  shadow  of  their  primary  planet :  if  we  ob- 
serve at  the  same  time,  at  several  places^  their  immersions  and 
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we  amy  mwlsA  the  sane  use  of  these,  for  fhe  de«    book 
termiaation  of  the  loogitiiiieSy  as  of  the  eclipses  of  the  moeii*      ^ 
There  are  two  other  planets^  Saturn  and  Uramis,  which  aire  — — 
tbo  acoompanied  by  satelhtesy  but  tiieir  suiallnessji  and  their 
distance,  permitting  them  to  be  seen  only  by  means  of 
powerliil  telescopes,  render  the  observation  of  tiieir  eclipses 
ahnost  impracticable,  or,  at  least,  of  little  use.    Even  the 
ntedltes  of  Jupiter  do  not  all  equally  well  answer  the  pur* 
poses  of  tbe  observer;  for  here^  as  in  the  eclipses  of  the 
BKMny  the  precise  moment  of  inun^^sion  and  of  emersion  is 
always  a  Utile  uncertain ;  particularly  in  the  second  void 
third  satellites.*     The  use  which  may,  nevertheless*  be 
Bade  of  these  satellites  of  Jupiter^  has  induced  astrono- 
Diers  to  fHune  tables  fur  predktiflg  their  immersioas,  in  or- 
der that  oorre^KMiding  observations  may  net  be  neces- 

The  eclipses  of  the  sun  are  no  less  proper  than  those  irfLonsituiei 
the  moen,  for  determining  longitudes :  It  ia  sufficient  for  ecUpMt  of 
this  purpoee  that  we  observe  at  each'  of  the  places  of  which  ^  '»">• 
m  wish  to  kndw  the  diffetipnce  of  loagitude,  the  commence" 
Dent  orthetermiiiatiOB  of  6ne  and  the  same  eclipse;  buttiie 
caiculati<ifi  is  not  saiAmpie  as  in  the  case  of  a  lunar  erlipsCb 
IL  de  Lalande,  by  great  care  and  attention,  has,  by  meanfi 
of  solar  eclipses^  corrected  the  positions  of  agreat  number 
of  places.  The  catculatien  becomes  more  difficulty  only  be- 
cause the  relative  situation  of  the  sun  and  moon  ia  not  the 
Bime  for  the  diflferent  points  <if  the  eartli^  surface  at  which 
these  two  bodies  are  visible  Sft  the  same  time.  The  caae 
of  the  moon  is  the  same  as  that  of  the  clouds,  which»  seen 
from  a  particular  point,  appear  situated  undor  the  sun^ 
aod  project  their  shadow  over  a  limited  spacer  beyond 
winch  the  sun  shines  in  all  its  splendour.  This  spectacle 
varies  continuaUy,  according  as,  from  one  instant  to  an- 
other, the  sun,  the  cloud,  and  the  spectator,  change  their 

*  ilMve^  Voyage  d'£nCc«casteauX|  ii.  245.    Zachj  Astron.  Correipond.  t, 
+  Table  of  the  Satellites  of  Jupiter,  by  M.  Dtlambre^ 
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BOOK    situations*    To  employ  the  observation  of  a  solar  eclipse 
^*      for  the  discovering  of  longitudes^  it  is  necessary  to  deter- 
'  mine  several  aspects  of  it,  but  particularly  the  beginning  and 

the  end ;  to  deduce  from  thenre  the  middle  of  the  eclipse, 
and  to  obtain  from  the  astronomical  tables  the  proper  data 
for  fixing  the  respective  positions  of  the  lines  described  by 
the  centre  of  the  sun  and  that  of  the  moon  during  the 
eclipsey  in  order  that  we  may  be  able  to  calculate  the  instant 
when  these  two  bodies  were  in  coiyunction.  If  we  know 
then  what  hour  at  a  given  place  corresponded  to  this  same 
inctftant,  the  difference  of  these  times  indicates  that  of  the 
longitudes. 

The  eclipses  of  the  sun  do  not  give  the  longitudes  of  places 
with  much  precision;*  that  of  the  5tb  September,  which 
was  observed  with  the  greatest  care  by  three  astronomy's, 
exemplifies  this  remark*  M.  de  Laiande  deduces  from  it 
the  longitude  of  Naples  47"  3'  in  time;**M.  de  Wwrm^  47' 
40'%  and  M.  i  riesnecker,  47'  M". 
Longitude  The  Celestial  phenomenon  which  most  frequently  occurs, 
cuitlulon^  is  that  which  is  called  an  occuUaiwrh  or  the  passage  of  a 
^fj^he  star  behind  the  disk  of  the  moon ;  it  is,  at  tiie  same  time, 
one  of  tho^t*  which  may  be  observed  with  much  preci- 
sion.f  It  is  necessary  to  determine  by  observation  the 
moment  when  the  centre  of  the  moon  is  in  conjanction 
with  the  star ;  this  fixes  the  absolute  position  of  the  moon ; 
next,  either  by  means  of  the  calculations  made  before 
hand  in  the  astronomical  almanacks  which  predict  these 
phenomena,  or  by  the  comparison  of  corresponding  ob- 
servations, we  must  find  what  hour  it  was,  at  the  moment 
of  this  conjunction,  at  a  place  whose  position  is  known. 
The  difference  of  longitude  is  then  obtained  as  in  the  other 
methods4 

*  Zaeh^  Correspond,  i.  73.  note. 

t  Rotielj  Voyage  d'Entrecasteaux,  ii.  244. 

f  They  who  wish  to  become  thoroughly  acquainted  with  this  subject,  must 
consult  the  memoirs  of  geometers,  among  others  that  Upon  the  CaieuUUion  of 
Edipitt^  subject  to  PartUlaxtt^  by  M.  Lagrange^  printed  in  German,  in  the 
Ephemerides  of  Berlin,  for  1783,  but  has  been  published  in  French  only,  in  the 


ttars. 


MATHEMATICAL  OBOOBAFHT.  31 

It  18  evident  that  all  these  methods  amount  to  this  propo-    book 
fltioii.    •*  lb  determine  far  the  place  of  which  the  longitude       *• 
ti  sought^  the  position  of  a  celestial  ftorfy  at  a  given  momentf  — — *— 
imd  to  deduce  from  this  position  what  hnur  it  was  at  the 
same  insiant  at  another  place  of  which  the  situation  is  known 
ktfordut/ndJ^     Hence  it  follows  that,  without  waiting  for  aLongi- 
celestial  phenomenon,  the  change  alone  of  angular  distance  |"^®'^^ 
ketween    two  heavenly   bodies   whose  motion    is   known,  tancei. 
should  be  sufficient  to  determine  our  place  upon  the  eartfar 
Bat  it  is  also  evident  that  the  angular  distance  must  change 
by  the  motion  of  one  or  both  of  the  bodies  with  such  ra- 
pidity as  to  present  variations  very  considerable  in  the 
spare  of  M  hours*    The  moon  alone  affords  us  these  advan- 
tages ;  as  its  motion  tn  it»  orbit  is  at  the  rate  of  nearly  1 S** 
I  day,  a  change  of  a  single  minute  of  a  degree  in  its  posi- 
tion, corresponds  to  a  little  less  than  2'  of  time,  or  SO' 
of  a  degree  in  longitude.     Mow,  by  help  of  the  very  accu- 
rate instruments  which  we  now*  possess,  we  can,  by  taking 
tiie  angular  distance  of  the  moon  fi*om  a  star,  or  from  the 
Sim,  ascertain  with  great  pi'ecision  the  position  of  that 
body,  and  consequently  can  determine  within  a  few  seconds 
what  hour  it  is,  under  a  given  meridian,  at  the  moment  of 
observation. 

This  method,  denominated  that  of  lunar  distances^  which  origin  and 
WM  first  suggested  in  1514  by  Werner  of  Nuremberg,*  and  progress  of 
developed  in   15S4  by  Apian,  a  native  of  Saxony,  was  ap-tkod. 
fvoved  o^  and  recommended  by  various  astronomers,  and 
among  others  by  the  celebrated  Kepler  ;f  but  the  imper- 
fcction  of  the  astronomical  tables  which  showed  the  mo- 
tions of  the  moon,  rendered  the  practice  of  it  uncertain. 
The  endeavours  of  MoHn  to  bring  it  into  use,  were  not 
nccessful.     Recommended    anew,    and   better  taught,    in 

CmaiitisManet  des  Terns  for  1818.  M.  Arago  observes,  that  there  is  found  in 
it  the  ground  work  of  roost  part  of  the  analytical  calculations  that  have  since 
been  published. 

*  Werner,  ootse  in  Ptolom.  Oeo'g.  lib.  i. 

t  KepUfj  tab.  Rudolph.  37,  42. 
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ITMf  hj  Tdkias  Ma/gerf  this  inethod  was  em^yed  with 
much' success  by  the  celebrated  Danish  traveller  JVfefricAr;* 
it  has  since  been  brought  to  great  perfection  by  the  labaura 
of  Bordiu  Delambre^  Burg.  JWaskelfffUf  and  more  especially 
ot  Laplace.  Ingenious  instruments,  constructed  with  tha 
greatest  care,  tables  calculated  with  astonishing  accuracy^ 
and  a  rariety  of  formulas,  now  facilitate  this  operatioBy 
which  has  come  into  univeraal  use,  and»  at  aea,  has  jsatly 
superseded  all  the  other  methods. 
To  lunar  observations,  however,  is  joined  the  nae  aS 


«hronoim-  tmc-keepers^  which  serve  in  the  intervals  during  which 
ters.  observations  of  the  distance  of  the  moon  from  the  sun,  or 
from  a  star,  cannot  be  obtained.  These  instruments  would 
alone  accomplish  the  end  proposed,  if  it  were  possible  to 
construct  them  with  such  accuracy,  that  when  once  regulat- 
ed to  the  time  under  a  given  meridian,  their  motion  would 
remain  exactly  the  same  during  the  whole  continuasce  of 
the  voyage  ;f  for  they  would  then  at  all  times  point  out  the 
hoar  under  the  said  meridian.  Even  to  the  present  time 
the  eJBTorts  of  Harrison*  of  Juiien-Je-Roi*  of  Berthout,  of 
Armand,  and  of  other  celebrated  artists,  have  not  Hiircaed« 
ed  in  giving  to  chronometers  this  absolute  uniformity  of 
motion ;  they  have  approached,  however,  so  near  to  this 
perfection,  that,  notwithstanding  the  perpetual  agitatian  of 
the  vessel,  the  derangement  which  the  rate  of  these  docks 
suffer,  is  insensible  even  during  a  long  voyage.  The  im- 
perfections to  which  these  instruments  are  still  liaUet  wre, 
beatdes,  remedied  by  observing  with  care  the  quaotiify 
which  they  gain  or  lose  in  a  given  time,  and  by  correctiog 
tiieir  rate  when  we  arrive  at  a  place  of  which  the  longitade 
is  known. 

Such  are  the  principal  methods  with  which  astronomy 
furnishes  the  navigator  and  traveller,  for  determining  the 
longitude  and  latitude  of  the  places  which  they  visit    We 

*  Zaehj  Astroiu  Corrcsp.  W.  246. 

1  Fleuneiij  Voyage  of  Marchand,  pasiiifL    Dubourg%titf  Traite  de  Naviga- 
tion, book  iii.  ch.  10.    Rotnl^  I.  c.  &c. 
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have  unfolded  only  the  ^^neral  principles  upon  which  these 
oker?atioB8  are  founded^;  it  is  proper  that  we  now  take  a      ^ 
rapid  Tiew  of  the  wrors  to  which  these  methods  are  Bubject^  — — 
pointing  out  at  the  same  time,  the  eorrectioiM  to  be  applied 
fcr  reBKyving  lliem* 

Tht  errors  arising  from  optical  illusions  first  i»<e8ent  ^^'"e^^- 
theraselTes  to  our  notice.  It  is  known  that  a  ray  of  light  longitudes. 
19  itAneted,  when  it  passes  from  a  rarer  into  a  dmser  me-  Refraction. 
dhnn.  Hence  the  heavenly  bodies  are  never  seen  in  the 
true  places  which  they  occupy^  the  rays  which  enter  the 
eye  making  their  elevation  above  flie  horizon  appear  greater 
ttan  tiie  truth,  by  a  quantity  that  increases  according  as 
they  are  nearer  to  the  horizon.  The  state  of  the  atmo* 
sfhtn  with  respect  to  density,  influences  this  pltenomenon. 
It  is  necessary  to  determine  flie  quantity  of  this  error  for 
each  degree  of  altitude  above  the  horizon,  in  order  that  we 
nay  subtract  it  from  the  observed  altitudes  which  are  al- 
ways  greater  than  the  true,  except  in  the  case  of  tiie  body 
being  in  the  zenith,  because  tiien  the  rays  of  light  traversing 
te  strata  of  the  atmosphere  perpendicularly,  suflbr  no  re- 
IhctioB. 

DHbreiit  physical  causes,  as  lieat,  Iramidity,  the  density 
of  flie  atmospherey  make  refiraction  vary  in  diftrentclimales  ; 
the  laws  of  these  rariations  are  yet  unknown,  and  form  the 
olgeGt  of  researches  of  importance  to  the  improvement  of  as- 
tmiomy.* 

We  haive  seen  above^  Iha^  on  account  of  the  smallness  ctf  Parallaxes 
the  diaaeter  of  the  eartti,  compared  with  the  immense  dis-^et?.^  ^^^' 
tanee  of  the  ftzed  stars,  tihe  observation  of  the  altitudes  of 
those  bodies  may  always  be  referred  to  the  centre  of  tiie 
earth,  by  supposing  the  rays  of  light  to  fidl  upon  all  tiie 
pdnlB  of  the  earth  in  directions  parallel  to  each  other,  and 
by  n^lecting  consequently  the  angle  AIC,  Fig.  2 ;  but 
ttb  angle  becomes  sensible  for  the  sun,  the  planets,  and 

*  A.  <Se  Hamboldti  Voyaga,  partie  astronomiqite}  i*  p.  109.  tqq.  Estai  sur 
les  Reiractions.    Traits  d'Astronomie  de  Biot,  ke,  &c, 

VOL.  I.  5 
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BOOK  particularly  for  the  moon»  since  in  neglecting  it  we  would 
<•  estimate  the  position  of  each  of  these  objects  below  its  real 
situation  with  regard  to  the  centre  of  Uie  earth«  To  rwi- 
der  all  obsenrations  capable  of  comparison,  astronomers 
have  agreed  to  consider  the  true  place  of  a  heavenly  body» 
that  in  which  it  would  be  seen  were  it  observed  from  the 
centre  of  the  earth.  On  the  other  hand,  they  denonodnate 
the  apparent  place  of  a  heavenly  body,  that  point  of  the 
celestial  sphere  to  which  it  is  referred  when  observed  from 
the  surface  of  the  earth.  The  difference  in  the  result  of 
these  two  observations  will  depend,  as  we  see*  upon  the 
angle  AIC,  under  which  the  chord  of  the  terrestrial  arc 
which  joins  the  two  observers,  would  be  seen  from  the  cen- 
tre of  the  heavenly  body.  This  angle  is  called  the  paral- 
lax. It  amounts  for  the  sun  to  8".6,  and  for  the  moon 
it  varies  from  about  54'  to  62'.  The  effect  of  parallax  be- 
ing contrary  to  that  of  refraction,  we  must  add  it  to  the  ob- 
served altitude,  in  order  to  refer  the  altitude  to  the  centre  of 
the  earth. 

We  cannot  enter  into  a  detailed  explication  of  the  cor- 
rections required  by  the  tables  which  are  used  for  calcula- 
ting the  observations  of  longitude.  The  celestial  bodies, 
though  they  obey  laws  which  are  immutable,  are  yet  sub- 
ject in  their  motions  to  the  effects  of  their  mutual  attrac- 
tion, which  are  called  perturbations*  Hence  result  many 
small  motions  of  acceleration,  or  of  retardation,  of  which 
the  period  is  sometimes  more  than  a  century,  and  the  equa- 
tions are  difficult  to  be  ascertained  with  exactness.  The 
progress  of  the  higher  geometry,  the  theories  otDeLa  PlaeCf 
and  the  calculations  of  Delambre,  of  Burg,  and  of  other  as- 
tronomers, have  reduced  to  quantities  almost  insensible,  the 
discrepancies  perceived  by  means  of  corresponding  observa- 
tions. 
There  was,  till  of  late  years,  another  source  of  unoertain- 
instru-  iy,  namely,  the  imperfection  of  instruments,  which  often 
^^^^'  caused  the  most  scrupulous  observers  to  err  half  a  minute 
in  the  determination  of  an  observed  angle.    At  the  present 
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time,  not  only  has  mechanical  skill  introduced  great  accu-    book 
ncj  in  tiie  construction  of  instruments,  but  the  ingenious       ^ 
iaveiition   of  Uie  repeating  circle  of  Mayer,  which  was^^ 
Irooght  to  perfection  by  Magellan  and  Borda,*  enables  cirde!^^"^ 
cbsorvers,  by  taking  the  multiple  of  the  observed  angle,  to 
increase  at  pleasure  the  rigour  with  which  its  magnitude 
is  determined,  and  to  diminish  the  possible  error  almost  to 
a  second. 

The  two  methods  of  finding  the  latitude,  which  we  have 
already  pointed  out,  are  not  sufficient  for  the  purpose  of 
navigators,  who,  in  order  to  calculate  their  longitude  by 
lunar  distances,  require  to  know  at  the  same  instant  under 
what  latitude  they  are  placed.  This  inconvenience  has 
been  in  part  remedied  by  solar  tabUSf  calculated  beforo 
hand,  and  which  give  for  every  day  of  the  year  the  place 
of  the  son.  The  principle  upon  which  the  construction  of 
these  tables  is  founded,  consists  in  presenting  first  the  mean 
values  of  all  the  principal  elements  calculated  for  the  be- 
ginning of  the  year,  and  then  to  give  the  means  of  deduc-* 
iBg  for  any  other  instant,  either  the  true  or  the  mean  values 
of  these  dements.  In  all  these  calculations,  the  first  thing 
to  be  known,  is  the  mean  longitude  of  the  sun,  and  of  his 
perigee,  or  of  his  apogee,  for  the  instant  which  is  assumed 
for  the  commencement. of  the  tables.  These  initial  values 
are  called  the  epoch  of  the  astronomical  tailes.  By  help 
of  these  tables  then,  we  can  find  the  position  of  the  sun  in 
his  orbit  at  any  instant,  and  may  obtain  the  latitude  of  a  qj^j^^]^. 
place,  on  any  day,  by  subtracting  from  the  altitude  of  the  tion  of  the 
sun,  his  distance  from  the  equator,  if  he  is  above  that  cir-  |be  au?-^^ 
de,  or  by  adding  it,  if  he  is  below,  and  then  taking  the  tude  of  tho 
complement  of  the  result  to  90%  But,  in  order  to  multiply  '^* 
the  means  of  determining  the  latitude,  astronomers,  having 
first  fixed  the  position  of  their  observatory,  have  calculated 
the  distance  of  the  principal  stars  from  the  equator,  and 
tte  time  which  elapses  between  their  respective  passages 

*  Bossuty  Histoire  des  MatMmatiqueSy  ii.  489. 
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BOOK    over  a  given  meridian,  and  that  of  the  point  of  the  ecliptic 
1*       \^hich  corresponds  to  the  spring  equinox.    The  results  of 
""■"■^^  these  calculations  have  been  arranged  in  tables,  by  the  aid 
of  which  the  stars  may  be  substituted  for  the  sun  in  deter- 
mining latitude. 

These  observations  require  that  the  position  of  the  men- 
dian  be  previously  known.  The  pole-star  Indicates  It  near- 
ly in  the  northern  hemisphere  of  the  earth ;  but  the  most 
universal  and  accurate  method  of  finding  it  is  aflTorded  by 
the  motion  of  the  sun.  Let  us  suppose  the  sun  to  be  in 
one  of  the  solstitial  points ;  in  which  point  it  remains  for 
some  time  apparently  at  the  same  distance  from  the  equa- 
tor, and  appears  to  describe  a  circle  parallel  to  the  equator, 
whereof  the  part  df/.  Fig  1.  which  lies  above  the  horizon, 
is  divided  by  the  meridian  into  two  equal  portions.  The 
altitude  of  tbe  sun  is  therefore  precisely  the  same  when  ob- 
served before  and  after  its  passage  over  the  meridian  at 
equal  intervals  of  time :  on  the  other  hand,  if  we  take  in 
the  morning  the  altitude  of  the  sun,  and  watch  the  moment 
in  the  afternoon  when  it  returns  to  this  same  altitude,  the 
hour  of  its  passage  over  the  meridian  must  necessarily  lie 
in  the  middle  between  these  two  instants. 

The  length  of  shadows  furnish  the  most  simple  metiiod 
of  determining  the  altitude  of  the  sun.  It  is  easy  to  see 
that  this  length  depends  not  only  upon  the  height  of  the 
objects  by  which  the  shadows  are  projected,  but  also  upon 
that  of  the  sun,  relatively  to  the  plane  upon  which  the  ob- 
jects stand.  If  upon  this  horizontal  plane  we  raise  the 
vertical  line  AD,  Fig.  12.  the  solar  ray  being  directed  along 
SD,  the  shadow  will  fall  upon  AC,  and  its  lengtii  will  de- 
pend upon  the  angle  8CA,  which  evidentiy  corresponds  to 
the  height  of  the  sun  above  the  horizon.  When  the  sun, 
after  having  passed  the  meridian,  returns  therefore  to  the 
same  altitude  on  the  other  side,  and  in  the  direction  S'D, 
the  shadow  AB  and  the  vertical  line  AD  will  be  again  of 
the  same  length  with  the  shadow  AC ;  and  if  we  take  the 
middle  position  of  the  shadow  between  the  direction  of  the 
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oMittd  of  the  other,  by  dividiag  the  angle  B^^C  into  two  book 
qaal  parts,  hj  the  straight  line  AN,  we  shall  find  the  nie-  ^* 
ridiaib  If  the  length  of  the  staff  AC  is  now  measured,  and 
thai  of  its  shadow,  we  shall  be  able  to  find  the  altitude  of 
the  son,  by  the  resolution  of  the  rectilineal  triangle  CAD, 
which  is  rectangular  at  A,  and  in  which  the  sides  AD  and 
AC  are  known,  so  tliat  we  may  calculate  the  angle  ACD, 
which  is  the  altitude  sought.  The  meridian  altitude  will 
ke  obtaiiied,  if  we  measure  the  length  of  the  shadow  when 
it  falls  in  the  direction  of  AN.  It  was  by  such  means  that 
11»  first  astronomers  determined  the  altitudes  of  the  heaven- 
ly bodiea.  This  rude  instrument  is  called  a  Qwmxm;  butOaomon. 
it  has  been  abandoned  since  the  instruments  which  measure 
angles  immediately  by  arcs  of  the  circle,  have  been  brought 
to  perfection.  These  last  are  employed  even  in  determin- 
ing the  meridian,  by  combining  them  with  pendulum  clocks, 
of  which  die  motion  \b  y%tj  regular.  Having  observed  in 
the  morning  an  altitude  of  the  sun,  we  mark  at  the  same 
tune  tiie  hour,  then  we  watch  the  instant  in  the  afternoon 
when  the  sun  is  at  the  same  altitude,  and  taking  half  the 
interval,  we  find  the  time  which  has  elapsed  between  the 
passage  of  the  sun  over  the  meridian,  and  either  of  the  ob- 
lervationa. 

U;  for  example,  the  clock  indicate  for  the  same  altitude, 
in  the  morning  8>>  45'  SO'',  and  in  the  afternoon  S^  23'  12" ; 
tiie  interval  between  these  two  instants  is  6^  37'  42",  of  which 
file  half  is  3^  18'  51",  and  this  added  to  the  time  of  the  first 
observatioii,  namely  %^  45'  SO",  gives  12>>  4'  21",  for  the  hour 
which  the  dock  must  have  indicated  at  the  instant  when  the 
niB  passed  the  meridian.  The  observation  of  these  eorrei^ 
fsMmg  aUUttdes,  many  times  repeated,  serves  to  regulate 
the  dock,  and  to  ascertain  exactly  the  moment  of  the  sun's 
paasaga  over  the  meridian,  whence  the  direction  of  the  me- 
ridian line  may  be  immediately  determined. 

The  observation  of  equal  altitudes  may  be  employed  at 
eytfy  other  season  of  the  year,  as  well  as  at  the  solstice,  by 
applying  to  the  result  a  small  correction  for  the  change 
which  the  sun's  declination  undergoes  in  the  interval  be- 
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BOOK,    tween  the  two  altitudes,  and  which  causes  the  length  of  tliat 
^*       interval  to  vary.    A  great  many  circumstances  inflacnce 

— ^""~"  this  kind  of  observations^  and  renders  them  more  or  less 
subject  to  error,  particularly  when  made  on  shipboard.  The 
details  must  be  sought  for  in  works  which  treat  professedly 
of  these  subjects,* 

The  position  of  the  heavenly  bodies  relatively  to  the  me- 
ridian, and  their  bearings  from  the  north  and  south,  and  east 
and  west  points  of  the  horizon,  inasmuch  as  the  former  serves 
to  ascertain  the  true  hour,  and  the  latter  to  fix  the  true  north 
and  south  points,  contribute  to  facilitate  or  to  verify,  the 
operations  by  which  we  determine  the  position  of  places  upon 
the  earth* 

Hormry  The  horartf  angle  of  a  heavenly  body,  is  the  angle  which 

angle.  j^  formed  at  the  pole,  at  the  instant  of  observation,  between 
the  meridian  of  the  place  of  the  observer,  and  the  circle  of 
declination  or  hour  circle,  passing  through  the  body.  This 
last  circle  is  nothing  else  than  the  meridian  of  tiie  body. 
The  horary  angle  is  measured  by  the  arc  of  the  equator 
which  has  passed,  or  will  pass,  under  the  meridian  of  the 
observer,  between  the  instant  of  observation,  and  the  moment 
when  the  heavenly  body  is  upon  this  same  meridian. 

Azimuth.  The  azimuth  of  a  body,  is  the  arc  of  the  horizon  inter- 
cepted between  the  south  point,  and  that  in  which  a  vertical 
circle  passing  through  the  zenith  and  the  body,  cuts  the  ho- 
rizon. 

AmpUtudt.  Amplitude  is  the  arc  of  the  horizon  intercepted  between 
the  point  whero  the  body  rises  or  sets,  and  the  true  east  or 
west  point.  The  former  is  called  ea$tem  amplitude,  the 
latter  western  amplitude.  The  horary  angle,  the  azimuth, 
and  the  amplitude,  contribute  in  several  ways  to  the  deter- 
mination of  longitudes  and  latitudes ;  the  first  serves  to  as- 
certain the  true  hour,  by  only  one  observation  of  the  alti- 
tude of  the  sun,  and  so  gives  the  means  of  regulating  the 
chronometer  ;f  the  other  two  indicate  to  the  navigator  how 

*  Lereque,  Guide  du  NaTigatcur.    Dubourguet,  Traite  de  Navigation, 
i  Ressel,  Voyage  d'Entrecasieaux,  ii,  27,  sqq. 
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modi  tbe  magnetic  needle  deviates  from  the  true  north  and  book 
800th  line ;  they  teach  also  the  method  of  placing  a  geo-  ^' 
graphical  map  due  east  and  west*  Upon  these  relations 
of  tiie  heavenly  bodies  to  the  meridian  and  horizon,  are 
likeirise  founded  various  subsidiary  methods  for  calculating 
bj  approximation  the  latitude  of  a  ship  at  sea;f  but  as 
these  methods,  though  ingenious,  are  very  subject  to  error, 
aod  are  seldom  used  in  geography,  we  shall  not  stop  to 
describe  them. 

To  all  these  methods  which  the  observation  and  calcula-  Use  of  sig- 
tioD  of  tbe  celestial  motions  furnish,  for  determining  geo-  JJ^g^!*^* 
graphical  positions,  is  now  added  the  use  of  signals  made  powder. 
hj  gunpowder.    In  a  very  elevated  place,  during  a  serene 
night,  a  quantity  of  powder  is  from  time  to  time  inflamed 
ui  the  open  air;  two  observers,  each  provided  with  a  clock, 
apd  stationed  at  the  places  of  which  the  dilBTerence  of  longi- 
tude is  required,  mark  with  care  the  appearance  of  tliese 
flashes^— ^an  appearance  which,  notwithstanding  the  distan- 
ce^ is  instantaneous  at  the  two  places,  in  consequence  of 
the  prodigious  velocity  of  light    The  diSbrence  of  the 
times  indicated  by  tbe  two  clocks,  will  give  the  difierence 
of  longitude  sought^ 

Let  us  conclude  this  sketch,  which  is  necessarily  dry,  of 
the  methods  by  which  longitudes  and  latitudes  are  deter- 
mined, with  observing  to  those  of  our  readers  who  have  no 
taste  for  such  matters,  that  tbe  exact  knowledge  of  posi- 
tions is  the  ground- work  of  all  geography;  and  that  with- 
out this  knowledge,  the  most  splendid  description  would 
only  posaess  a  merit  altogether  illusory. 

*  Puissanty  Traite  de  G^od^fie,  p.  300.  tqq, 

t  Mendoxa,  Coonaist.  des  Temps,  1793,  p.  289,  302.  Dubourguet,  Traits 
de  NaTigatioD,  b.  Hi.  chap.  3,  4. 

X  Paiaiaiit,  Oeod^ie,  p.  299.  Zach.  Astron.  Correip.  M.  Schumacher,  Pro* 
ienor  of  Astronomy  at  Copenhagen,  has  lately  brought  thia  method  to  lingular 
perfection.  In  the  meaiureraent  of  the  arc  of  the  meridian,  and  of  the  per- 
pendicular to  that  arc,  which  ii  committed  to  his  superintendance  by  the  King 
of  Denmark,  he  bat  made  use  only  of  a  luminous  signal. 


40  BOOK  9EC01fD. 


BOOK  II. 

Continuation  of  the  Theory  of  Geography^  Dimensians  of 
the  Globe  determined.  Its  oblate  figure.  Basis  of  the  new 
metrical  System. 

of  the  nwa-  ^^^"^  active  ctiriosity  of  man  did  not  rest  contented  wltli 
surement  having  demonstrated  tiiat  the  earth  is  a  moving  sphere; 
eiitb!  ^^^^  proceeded  to  ascertain  the  exact  dimensions  of  the  pla- 
net which  had  been  assigned  to  him  in  the  immensity  of 
spacer  An  arc  of  the  celestial  meridian  being  measured,  it 
was  natural  to  conclude,  that  as  this  arc  ought  to  corres- 
pond to  a  similar  meridional  arc  on  the  surface  of  the  earth, 
it  would  be  necessary  only  to  measure  this  latter  cun^e,  in 
order  to  find  tlie  dimensions  of  the  entire  circle,  and  con- 
sequently of  the  circumference  of  the  globe. 
of^haan!  ^^  h^^e  already  seen  the  wide  difference  of  the  appa- 
cients,  rent  results  of  the  different  measures  of  the  earth,  under- 
taken by  Eudoxus,  Archimedes,  Possidonius,  and  Erastos- 
thenes;*  we  have  pointed  out  the  method  of  reconciling 
those  measures,  by  referring  them  to  different  stadia;  but 
we  shall  not  at  present  enter  on  a  formal  discussion  of  the 
very  intricate  question  whether  those  operations  have  been 
actually  executed  by  the  persons  to  whom  they  are  ascrib- 
ed, or  if  the  Greeks  have  merely  availed  themselves  of  the 
science  of  a  more  ancient  people,  and  taken  credit  for  dis- 
coveries which  they  did  not  fully  comprehend.  In  our 
opinion,  the  stadium  being  a  measure  of  local  and  real  dis- 
tance, and  not  merely  an  astronomical  modulus,  it  is  pro- 
bable that  we  are  indebted  to  the  Egyptians  and  Babylon- 
ians for  the  computations  of  the  circumference  of  the  earth, 
in  stadia  of  1111  and  833  to  a  degree^  whilst  the  results 
found  by  using  stadia  of  700  to  a  degree^  and  other  hypo* 

^  The  author  here  refers  to  the  Hutory  of  Geography,  the  Part  first  publiih- 
i*i\  in  Fjfncli,  hni  whirh  i*  to  be  the  Injtt  of  tht«  tmn^latinn 
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theses,  maj  be  very  well  considered  as  the  work  of  Eras*    book 
tostfaenes,  Possidonius,  and  other  Greek  astronomers.  i^* 

It  was  observed,  in  the  foregoing  book,  that  Possidonins  ■— — — 
committed  an  error  in  taking  for  an  arc  of  the  terrestrial 
meridian  that  which  connected  Alexandria  and  Rhodes, 
since  those  places,  which  were  the  points  of  comparison^ 
have  not  the  same  longitude.  If  we  except  this  error,  the 
method  of  Possidonins  was  the  true  one.  Erastosthenes 
made  use  of  a  gnomon  placed  vertically  in  the  centre  of  a  Gnomon  of 
concaye  sphere;*  he  knew  that  at  ByenCf  the  sun,  at  the^^'^^' 
time  of  the  solstice,  projected  no  shadow;  he  remarked 
that  at  Alexandria^  the  gnomon,  at  the  same  instant,  pro* 
jected  its  shadow  over  the  fiftieth  part  of  a  circle;  he  hence 
concluded  the  latitude  of  Alexandria  to  be  T""  12'  north  of 
Sjene^  which  must  have  been  situated  under  the  tropic 
But  according  to  the  moderns,  the  latitude  of  Syene  is  24'' 
5',  consequendy  that  of  Alexandria  would  be  31"*  17',  which 
is  not  far  from  the  truth.  However  carefully  this  observa- 
tion was  made,  the  Greek  astronomer  could  not  adopt  it 
as  a  solid  basis  for  the  measurement  of  the  earth,  as  the 
two  pmnts  which  he  compared  are  not  situated  under  the 
same  meridian. 

The  measures  of  a  degree,  attributed  to  the  Arabians, 
exhibit  in  like  manner  equivocal  results,  and  which  cannot 
be  reconciled  with  the  truth  but  by  means  of  arbitrary  com- 
patations* 

After  the  revival  of  letters,  the  European  astronomers 
made  many  fruitless  attempts  to  measure'  accurately  a  de- 
gree of  the  meridian*!    In  1617,  SneUiuSf  aft^  having  Moaaures 
determined  the  celestial  arcs,  comprised  between  Alkmaer,  SforwMdJ' 
Leyden,  and  Bergen-op-Zoom,  by  the  difiTerence  of  the  alti-  ^• 
tQdes  of  the  pole  in  those  three  places,  calculated  the  ter- 
restrial meridional  distances  of  the  three  parallels,  by  means 

*  Cleomed}  Meteor.  I, 

t  Feniel,  about  the  year  1530,  divined  with  sufficient  exactness,  by  a  very 
imperfect  method,  the  value  of  a  degree  between  Paris  and  Amiens,  which  bo 
computed  to  be  57070  toit^«.  ThH  wonderful  coincidence  hns  not  yet  been 
eTnlaified, 
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of  a  series  of  triangles  connected  together,  and  tiie  base 
'^      whereof  was  actually  measured ;    be  thus  found  that  the 
▼aloe  of  a  degree  of  the  meridian  was  55,02 1  toises,  (» 
58»639' English  fathoms,  of  six  feet  each.    JVbntrood,  an 
English  astronomer,  in  1635,  measured  with  the  utmost 
care  a  degree  of  the  meridian  between  London  and  York ; 
he  found  the  degree  to  bo  57,310  toises,  or  61,078  fathoms, 
which  result  is  a  very  near  approximation.    However,  fif- 
teen years  afterwards,  RicdolU  a  celebrated  Italian  astrono- 
mer, pretended  to  have  found  by  a  measurement  carried  on 
in  the  environs  of  Bologna,  that  a  degree  of  the  meridian 
was  62,900  toises,  or  67,036  fathoms;  but  this  result  is 
far  from  exact,  as  there  is  an  excess  of  almost  6000  toises, 
'  or  6395  fathoms  above  the  real  value. 
Yiearfft         It  was  by  applying  the  telescope  to  instruments  used 
netar'^*    in  the  taking  of  angles,  that  Picard^  of  the  Academy  of 
Sciences  of  Paris,  was  enabled  to  carry  on  with  the  neces- 
sary precision,  the  new  measure  of  a  degree  which  be  com- 
menced in  1669.    He  chose  for  the  theatre  of  his  opera- 
tions, the  space  contained  between  Sourdon  in  Picardy,  and 
JIfalvouinf,  on  the  borders  of  Gatinais  and  Hurepoix.* 
In  order  to  ascertain  the  itinerary  distance  which  separates 
those  two  points,  situate  under  the  same  meridian,  he  con- 
nected them  by  a  series  of  triangles.  Fig.  13;  he  observed 
successively  all  their  angles,  which  furnished  him  for  each 
a  metiiod  of  verification,  as  the  sum  of  the  angles  of  every 
triangle,  is  constantly  equal  to  180%    He  scarce  ever  ob- 
tained this  sum ;  but  the  inevitable  errors  amounted  only 
to  a  few  seconds. 
Trigono-       A  triangle  is  indeterminate,  if  only  the  angles  be  given, 
oMn!tioni.  ^^  ^®  ^^  obtain  no  more  than  the  ratio  of  the  sides;  but 
one  side  being  known,  the  rest  are  easily  found.    Picard 
therefore  measured  with  a  precision  till  then  unknown,  a  dis- 
tance of  5663  toises,  or  6035  fathoms,  on  the  road  of  Yille- 
jui^  at  Femey.    With  this  base,  represented  by  AB,  in  the 
triangle  ABC^  he  calculated  the  side  AC ;  and  with  this  he 

'^  Picard,  Mesure  de  U  Terre,  161, 
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feond  CD9  in  the  triangle  ACD  $*  and  thus  he  proceeded    book 
from  triangle  to  triangle,  as  far  as  Sourdon.    Here  again      n* 
▼as  measured  a  right  line  RS,  as  a  base  of  verifieatiofu  -"-— ^ 
The  line  LM,  IN,  16,  verified  by  means  of  this  base,  gave 
only  a  diflTerence  of  one  or  two  toises  from  the  first  measure* 
New  triangles  were  afterwards  carried  on,  as  far  as  the  Ca- 
thedral of  Amiens^  where  the  operation  ended. 

It  was  then  necessary  to  find  the  length  of  the  line  which 
joms  those  points,  and  its  position  with  respect  to  the  meri- 
dian of  Paris,  in  order  to  ascertain  the  distance  in  the  di- 
rection of  this  meridian;  and  also  to  determine  accurately 
the  amplitude  of  the  arc  measured  on  this  circle,  that  is, 
bow  many  degrees  and  parts  of  a  degree  it  contained,  in 
order  to  deduce  its  ratio  to  the  whole  circumference. 

In  this  second  part  of  his  operation,  which  depended  Astronomi- 
OB  the  observation  of  the  stars,  he  attached  himself  to  that  tionsf^'^V 
which  is  placed  in  the  knee  of  the  constellation  of  Cassi- 
opea.  He  preferred  this  ster,  because  not  being  far  distant 
from  the  zenith,  it  was  less  affected  by  refraction,  which  in 
luBtime  was  attended  with  much  doubt  By  this  means 
he  found  that  the  difference  of  latitude  between  Malvoisine 
and  Bourdon,  near  Amiens,  was  1*"  11'  57"^  that  it  cor- 
rapcmded  in  the  direction  of  the  meridian,  to  a  distance  of 
SMdO  toises,  or  62,272  fathoms  i  and  hence  he  concluded 
the  length  of  the  degree  to  be  57,064  toises,  or  60,816 
bfiioms.  , 

He  found  also,  between  the  cathedral  of  Amiens  and  Mal- 
▼oiaioe,  a  difference  in  latitude  of  l""  22'  55",  and  a  distance 
of  78,850  toises,  or  85,034  fathoms,  which  gave  for  the  de- 
gree 57,057  toises,  or  60,808  fathoms;  he  chose  the  mean 
of  both  these  results— 57,060  toises,  or  60,812  fathoms. 

The  circumference  of  the  earth,  like  every  other  circle^  Dimtniions 
is  divided  into  360  degrees ;  and  by  dividing  a  degree  into  evth. 

*  Short  example  of  tke  calculation: — ^In  the  first  triangles  it  was  found  by 
obMmtion  that  CAB»54«,  4',  35",  ABC3=96*>,  6',  65",  ACB=3<»,  48',  30". 
Bj  ntasurement  AB  was  found  to  contain  5663  toiset ;  therefore  by  the  rule  of 
?toponioD  we  find  AGb:10,012  toises,  5  feet,  and  so  on. 
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BOOK   twenty  puts,  called  $ea  UagutSf  oach  of  which  is  equal  to 
'I*     a864  tmses,  or  S052  fathoms,  it  will  be  found  that  the  cir- 
'""'"^  oumference  contains  7200  of  those  leagues. 

Its  diameter,  deduced  from  the  circumference^  is  2292 
sea  leagues,  and  its  radius,  or  a  right  line  drawn  from  the 
centre  to  the  surface  is  1146.  Multiplying  the  circumfe- 
rence by  the  diameter,  we  find  that  the  surface  ooatains 
16,502,400  square  leagues. 
Expert-  The  accuracy  of  Picard's  operation,  seemed  to  remove 
F^nduittm!  all  doubt  respecting  the  dimensiotts  of  the  earth,  when  the 
important  experiments  made  by  M.  Richer  at  Cayenne  in 
1672,  shewed  that  the  figure  of  the  earth  was  not  fierfectly 
^herical,  and  that  consequently  the  degrees  were  not  equi^ 
His  pendulum  clock,  regulated  at  Paris  by  the  mean  mo* 
tion  of  the  sun,  after  being  transported  to  the  island  of 
Cayenne,  which  is  only  about  5  degrees  from  the  equator, 
was  found  to  lose  eyery  day  2  minutes,  28  seconds.  The 
length  of  a  pendulum,  which  at  Cayenne  beat  seconds  ex- 
actly, being  marked  upon  an  iron  bar,  which  was  brought 
to  France,  it  was  observed  that  the  pendulum  of  Cayenne 
was  li  line  shorter  than  that  of  Paris,  which  measured  d& 
8|  lin*  or,  more  exactly,  440,57  lines,*  or  39,156  English 
inches. 

This  experiment  proved  that  the  force  of  gravity  was 
less  at  Cayenne  than  at  Paris;  for  when  the  pendulum 
which  regulates  the  clock,  deviates  by  its  motion  from  tiie 
vertical  position,  the  force  whidi  attracts  it  thithw  is  gra- 
vity ;  and  the  interval  of  time  it  takes  to  return  to  that  si- 
tuation, is  so  much  shorter,  if  the  power  of  gravity  aug- 
ments, and  so  much  longer  if  it  diminishes.  The  index 
camiot  point  to  a  second,  till  after  the  pendulum  has  com- 
pleted an  oscillation,  or  aftw  one  fall  in  tiie  vertical.  Thus, 
if  during  a  revolution  of  the  stars,  the  index  does  not  mark 
a  sufficient  number  of  seconds,  the  pendulum  employs  more 
time  to  regain  its  vertical  situation  and  gravity,  the  poww 
which  impells  it,  is  diminishedt 

*  4  line  is  tht  twelfth  part  of  a  French  inch. 
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This  experimeitty  tbe  importance  of  which  was  foreseen  book 
bj  the  Academy  of  Sciences^*  perfectly  coincided  with  thd  ^^; 
raiBooing  of  mathematicians^  who  began  to  consider  tiie 
Mrth  as  depressed  towards  the  poles ;  and  the  cause  of  the 
tspnentation  of  gravity,  or  the  attracting  force^  was  ex« 
phuaed  by  the  depression  of  the  surface,  which  therefore 
iqq)roache8  nearer  to  the  centre. 

Hayghens,  a  Dutch  mathematician,  had  the  gl(»*y  of  Hayghens's 
divming  that  truth,  even  before  the  expmment  of  the  pen-  ^^^^' 
Mom  was  known.  Considering  that  bodies  which  reyolve 
itmad  a  centre,  or  an  aids,  acquire  a  centrifugal  forcCf 
yf\Ach  tends  constantly  to  make  them  fly  off  from  this  cen- 
tre or  axis,  as  we  observe  in  a  stone  whirled  about  in  a 
Bliiigy  he  concluded,  that  the  fluid  diffused  over  a  consider- 
able part  of  the  surface  of  the  earth,  could  not  assume  a 
form  perfectly  spherical,  as  it  must  be  affected  at  the  same 
tone  by  the  force  of  gravity  impelling  it  towards  the  cen- 
tit.  He  supposed,  therefore^  that  the  earth  must  be  de^ 
pressed  towards  the  poles,  and  that  the  axis  of  rotation 
1W  shorter  than  the  equatorial  diameters  by  ^1^  which 
is  equal  to  about  four  sea  leagues.  This  consequence, 
deduced  from  the  centrifugal  force  by  Huyghens,  may  be 
nade  sensible  to  the  eye,  by  turning  rapidly  a  wet  blad- 
der round  an  axis,  which  then  assumes  the  form  of  a 
^roid  flattened  towards  the  extremities,  contiguous  to 
theaiifi. 

The  immortal  Newton,  who,  by  profound  reflection  onNewtoaV 
fte  laws  of  the  planetary  motions  ascertained  by  Kepler,^  ^^^' 
discovered  the  principle  of  universal  gravitation,  no  longer 
considered  gravity  at  the  surface  of  the  earth  as  a  constant 
force,  everywhere  directed  towards  the  centre  of  our  globe, 
but  as  the  result  of  the  mutual  attractions  of  all  the  parti- 
cles of  the  earth  to  each  other ;  he  found  that  this  force  varied 
a  litQe  in  intensity  and  direction,  from  the  eai*th  not  being 
perfectly  spherical.  If  the  figure  of  the  earth  depended 
open  gravity,  gravity  would  regulate  itself  according  to  the 

^  Lalande,  Abr^ge  d'Astronomie,  ait.  742  and  805. 
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BOOK    figure  which  the  earth  had ;  this  accelerating  force,  as  to 
1^      terrestrial  bodies,  ought  to  be  perpendicular  to  the  surface, 
'~""*~*  and  proportional  to  the  distance ;  the  earth  having  once  as- 
sumed the  oblate  figure,  this  figure  alone,  independently  of 
the  cestrifugal  force,  ought  to  render  gravity  weaker  under 
the  equator  than  under  the  poles.    Newton,  calculating  on 
this  principle,  and  supposing  the  earth  homogeneous  in  all 
its  parts,  found,  for  the  quantity  of  depression,  y^  or  10 
sea  leagues.* 
jQTestiga.      Those  couclusions,  difiering  as  to  the  quantity  of  the  re- 
Maciau^.    sult,  but  agreeing  with  respect  to  the  alteration  which  the 
""'  ^^'  figuPC  of  the  earth  ought  to  undergo  in  consequence  of  the 
'^^ '     '    centrifligal  force,  have  been  developed  by  the  most 'delicate 
and  profound  calculations.    Of  these  we  can  only  here  point 
out  the  results*!    It  has  been  demonstrated,  that  the  earth 
could  not  be  a  homogeneous  mass,  but  that  its  density  ought 
to  increase  in  descending  to  the  centre;  and  that,  in  all 
cases,  an  elliptical  figure  satisfies  the  laws  of  the  equilibrium 
of  fluids. 

At  the  same  time,  the  theory  of  the  diminution  of  gravity 
towards  the  equator,  was  confirmed  by  a  great  number  of 
observations  on  the  pendulum,  from  Lapland  to  the  Cape  of 
Good  Hope  ;^  and  from  their  general  agreement  it  has  been 
concluded,  that  the  depression  of  tiie  globe  is  equal  to  the 
dS2nd  or  dS6th  part  of  its  axis.$ 
Inequality      The  theory  of  the  depression  of  the  earth  might  also  be 
^e  on  the  Torified  by  measures  taken  on  the  terrestrial  globe ;  for  it 
°?in^       results  from  this  theory,  that  the  degrees  of  latitude  can- 
not be  equal  throughout  the  whole  extent  of  the  meridian, 

*  Newton  Principia,  b,  iii.  prop.  19. 

t  Clairaut,  Theorie  de  la  Figure  de  la  Terre.  Madaurini  Memoir  on  the 
Flux  and  Reflux  of  the  Sea,  D'Alembert,  Recherches  sur  le  Syst^me  du 
Monde,  &c. 

f  Dubourguet,  Traits  de  Navigation,  note  i.  page  290,  391.  Histoire  de 
I'Acad.  des  Sciences,  passim. 

4  Laplace,  Syst^mc  du  Monde,  p.  250.  Svanberg,  Exposition  de  la  M<«ure 
d^un  DegT^. 
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hot  that  tbey  ought  to  be  augmented,  in  the  flattened  part    book 
of  the  meridian,  that  is,  towards  the  poles,  and  diminished      ^^ 
in  the  convex  part  of  the  same  meridian,  or  near  the  equa-  ■— — "• 
tor.   Those  consequences,  which  flow  from  the  fundamen- 
tal notions  of  elementary  geometry,  were  however  for  some 
time  mistaken  by  men  of  very  great  merit,  such  as  Cassini, 
and  d'Anville.    It  may  not  therefore  be  improper  to  insist 
a  little  on  the  demonstration. 

A  degree  of  the  meridian  is  the  portion  Ao,  Fig.  14,  of 
that  curve,  when  the  radii  C  A,  Co,  which  intercept  that  part 
of  the  arc,  from  an  angle  ACa,  equal  to  the  360th  of  the 
cirrle.  In  consequence  of  this  definition,  it  is  easy  to  per- 
ceive that  the  radii  CA,  C  a  perpendicular  to  the  tangents^ 
will  meet  at  the  same  distance  in  the  curve  only  when  this 
curve  is  a  circle;  that  to  the  same  arc  will  correspond  tlie 
nme  angle,  and  that  in  this  case  the  degrees  throughout 
the  whole  extent  of  the  curve  will  be  of  the  same  length. 
Bot  this  does  not  apply  to  curves  whose  curvature  is  not 
QniforDL  In  the  ellipse,  for  example,  if  we  take  two  arcs 
of  the  same  length,  as  Mm,  and  Nn,  Fie.  15,  one  in  the 
Biost  concave  part,  and  the  other  in  the  flattest  part  of  the 
igure,  the  perpendicular  Mc,  mCf  drawn  to  the  extremities  of 
the  former  arc,  will  meet  nearer  in  this  arc,  than  the  per- 
pendiculars NC,  nc  drawn  to  the  extremities  of  the  other 
arc.  The  angle  Ncn  is  therefore  visibly  less  than  the  angle 
MCm,  and  consequently  if  the  latter  be  equal  to  one  degree^ 
tbe  arc  Nn,  equal  in  length  to  Mm,  does  not  correspond  to 
a  degree.  To  obtain  this  angle  in  the  part  NP  of  the  curve» 
it  is  necessary  to  take  in  a  space  greater  than  Mm.  There- 
fore the  terrestrial  degrees  must  be  greater  in  the  flat  part 
of  the  globe,  if  we  would  have  them  correspond  to  the  celes- 
tial degrees  which  are  all  equal,  not  being  real  arcs,  but  only 
aogolar  distances. 

We  may  also  reason  in  the  following  manner: — ^The 
point  where  two  verticals  meet,  is  the  centre  of  the  terres- 
trial arc  contained  between  them ;  if  this  arc  were  a  right 
line,  the  verticals  would  be  parallel,  or  would  meet  only 
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at  an  infinite  distance.    The  greater  the  curvature  of  the 
^^      arcy  the  more  the  YerticalB  converge,  therefore  they  meet  at 
'  a  less  distance.    Thus  the  part  of  an  ellipse  near  its  great 

arc  being  the  most  curved,  the  verticals  which  are  perpen- 
dicular to  it,  will  meet  at  a  smaller  distance.  The  radius 
of  the  arc  intercepted  between  them  will  be  shorter,  and 
consequently,  the  absolute  length  of  the  arc  itself  will  be  less. 
On  the  contrary,  near  the  small  arc,  the  verticals  meet  at 
a  greater  distance,  showing  that  the  radius  of  the  intercepted 
arc,  and  the  arc  itself,  are  longer. 
Paraio-  By  not  tracing  those  notions  to  their  source^  the  contrary 
gim  on  ^ag  concluded  at  the  commencement  of  the  last  century,  be- 
ject.  cause  it  was  supposed  that  the  degrees  were  determined  by 
tiie  angles  M  onh  N  on^  formed  by  the  lines  drawn  to  the 
centre  of  the  ellipse  EPQp;  but  this  hypothesis  was  not 
conformable  to  the  principled  of  the  operation,  for  the  lines 
OM  and  O  m,  ON  and  O  n,  not  being  perpendicular  to  the 
curve,  diflTer  entirely,  both  in  magnitude  and  direction,  from 
the  verticals  to  which  are  referred  the  points  of  the  celestial 
arc 

The  measures  of  Cassini  having  seemed  at  first  to  indi- 
cate a  diminution  of  the  degrees  from  soutii  to  north,  seve- 
ral learned  Frenchmen  maintained,  by  means  of  the  para- 
logism, above  cited,  that  this  diminution  was  a  proof  of  the 
depression  at  the  poles ;  the  mathematicians  demonstrated 
that  it  was  rather  a  proof  of  the  contrary.  The  error 
of  the  principle  was  at  length  discovered,  and  it  has 
not  been  since  revived  but  by  entire  strangers  to  geome- 
try.* But  Cassini  and  D'Anville,  in  deducing  from 
the  pretended  diminution  of  the  degrees  towards  the  north, 
the  natural  conclusion,  affirmed  that  the  earth  swelled  out 
in  its  polar  direction ;  or,  in  other  words,  that  the  terres- 
trial ellipsoid  performed  its  revolution  round  its  major 
axis ;  which  was  contrary  to  the  theory  of  gravity  and  the 
equilibrium  of  fluids. 

*   Rcrnardin  dc  St.  Pierre*  Etudes  fie  la  Nature,  kc. 
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III  France^  the  notion  prevailed  for  forty  years,  that  the    book 
earth  is  a  spheroid  protracted  towards  the  poles.*    At      ^* 
lengthy  the  Academy  of  Sciences  resolved  to  ascertain  tlie 
truth  of  the  theoretical  conclusions  on  the  subject,  and  se-  mem  car- 
kcted  from  their  own  body  two  companies  of  mathemati-  ][^^^]^|^^'' 
cians,  who  were  dispatched,  the  one  in  ITSS  to  Peru,  and  and  Peru. 
the  other  in  1737  to  the  polar  circle,  to  measure  a  degree  of 
the  meridian  in  the  regions  bordering  on  the  equator  and 
the  pole.    The  results  obtained  by  these  companies,  compar- 
ed with  each  other,  and  with  the  degree  measured  in  France 
by  Picardy  though  they  did  not  entirely  agree  with  respect 
to  the  quantity  of  the  depression  of  the  earth  at  the  poles, 
yet  they  comj^etely  dissipated  all  doubts  of  the  fact.f    The 
d^ree  measored  at  the  polar  circle  exceeded  that  of  the 
equator  by  669  toises,  or  703  fathoms  $  and  the  French  de- 
gree, though  smaller  than  that  of  the  polar  circle,  still  sur- 
passed tiiat  of  the  equator  by  307  toises,  or  327  fathoms. 

The  Cassinis  themselves,  after  having  verified  their  mea- 
saresyhadthe  candour  to  avow  that  they  had  fallen  into 
Bome  slight  errors,  and  that  the  degrees  measured  by  thcan 
ia  France  concurred  to  prove  the  depression  of  the  globe 
towards  the  poles.^ 

It  was  not  enough  that  the  science  of  mathematicians  Different 
bad  described.  In  a  general  way,  the  figure  of  our  globe^ 
diey  fiirther  endeavoured  to  discover  the  exact  quantity 
rf  that  depression,  the  existence  of  which  had  been  proved 
by  so  many  experiments.  But,  in  this  investigation,  the 
accumulation  of  the  materials  only  increased  the  difficulty 
of  the  question.  The  degrees  successively  measured  in  dif- 
ferent parts  of  the  world  gave  very  different  quantities  for 
the  depression.  This  was  demonstrated  with  great  perspi- 
cuity by  an  Italian  mathematician,  by  comparing  the  twelve 
best  measures  known  for  half  a  century  back.$  We  shall  first 

*  Bossut,  Hist,  des  Math^matiques,  p.  273, 

t  Bougaer,  Figure  de  la  Terre.     Maupertuis,  El^mens  de  Geographic,  &c. 
X  Casnai  et  dc  Thury,  Meridienne  de  TObiervatoire  royale  verifi^,  1744. 
f  Pauli  Frisi,  Cosmographia,  torn.  ii.    Chap,  de  Figura  Planet,  comp.  id. 
opera  omnia,  t.  iii,  p.  123,  599« 
TOl.  I.  4 
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BOOK    give  the  results  of  those  measures,  wttb  the 
^'      tronomers  to  whom  we  are  indebted  for  them: 


of  the  as- 


Mtaoiortlie 
GoniKriet. 


wbeueethe    TaliK oftlM dl» 


eomoMineed. 
Ud   t-m 


Peni 

Cape.  ofOond  Hope  33  18 
Pennsylvania  39  12 

EcclesUBtical  State  43    1 


France 

Pietlniont 

Frnnre 

H  unitary 

Aubtfia 

France 

Hollnnd 

TiBpland 


Ao/«. 


43  31 

44  44 

45  4S 
45  57 

48  43 

49  23 
52  4 
66  SO 

One  toiM 


56,753  lois. 

57,107 

56,888 

66,979 

57,048 

67,137 

57,050 

56,881 

57,086 

57,074 

57,145 

57,405 

it  equal  to  1 


Bouguer,  La  CondamiDey  Su, 
Lacaille. 

Mason  and  Dixon. 
Boscovich  and  Maire. 
Canini  and  Lacallk. 
Boccaria. 

Cassini  and  Lacaille. 
Liesganig. 
Idem. 

Picard  and  CaMini. 
De  Thury  and  G.  Caaaini. 
Maupertuis,  ftc. 
.06575  English  fathoms. 


Frisi  endeavoured  to  calculate  a  regular  cunre  according 
to  Newton's  theory*  which  might  correspond  to  those  twelre 
degrees,  but  he  found  them  either  too  great  or  too  small ;  the 
errors  which  should  be  supposed  in  the  measurement  in  or- 
der to  reduce  them  to  a  regular  ellipse,  whose  minor  aiis 
would  be  to  the  major  in  the  ratio  of  £30  to  231,  amounted 
to  more  than  100  toises,  or  I06i  fathoms  the  degree,  and 
for  the  degree  of  Hungary  to  more  than  200  toises,  or  213 
fathoms. 
Tbesemea-  Frisi  also  endeavoured  to  find,  by  binary  and  decimal 
'^^'jj^y"*  combinations,  a  mean  term  between  the  diflbrent  depressions 
Friss.  pointed  out  by  the  measures ;  but  as  a  severe  criticism  of 
the  accuracy  of  each  measure  did  not  precede  his  combinar 
tions,  we  siiall  not  here  cite  any  of  the  results ;  we  shall 
only  observe  that,  by  choosing,  among  his  binary  combina- 
tions, the  six  in  which  we  can  have  confidence,  we  find  for 
the  mean  term  a  depression  almost  identical  with  that  fur- 
nished by  the  observations  of  the  pendulum  and  the  late 
French  measures.    Here  is  the  comparison : 

The  difierence  of  the  axes,  or  the  absolute  value  of  the 
depression,  being  taken  for  unity,  the  first  degree  combined 
with  the  third,  gives  for  the  major  axis  of  the  earth  505  si* 
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fldlar  parts ;  with  the  fourth,  353 ;  with  the  seventh,  292,3 ;    book 
with  tte  ninth,  290,4 ;  with  the  tenth,  307,4  ;  and  with  the      ^* 
eleTenth,  270.    Therefore  the  mean  term  of  the  depression 
18  equal  to  ^,. 

The  acknowledged  impossibility  of  finding  one  regular  Errors  in 
cuTTc  which  would  correspond  with  the  different  degrees  ***°**  *'" 
measaredy  produced  different  opinions  among  philosophers. 
Tie  operation  of  M.  Maupertuis  in  Lapland  was  first  con- 
demned as  uncertain,  either  on  account  of  the  negligence 
wifli  which  it  was  conducted,  or  because  the  arc  measured 
was  not  of  sufficient  extent,  or,  lastly,  on  account  of  the 
doubts  which  this  mathematician  himself  had  entertained 
with  respect  to  the  result  of  his  measurement."*^  The  same 
jodgment  should  be  passed  on  the  measure  of  Father  Lies- 
ganig,  executed  ^ith  very  inaccurate  instruments,  and  where- 
in it  is  now  demonstrated  f  that  there  is  a  confusion  of  two 
stars  nine  degrees  distant  from  each  other,  and  other  con- 
stant errors  from  10  to  12  seconds,  which  correspond  to  150 
toises,  or  160  fathoms;  consequently  this  measurement 
does  not  deserve  to  be  taken  into  consideration.  Not  being 
aware  of  this  error  in  the  operation  of  Liesganig,  some 
very  excellent  mathematicians  have  given  themselves  the 
useless  trouble  of  attempting  to  reconcile  the  irregularity  of 
the  degrees  of  Austria  and  Hungary  with  the  general 
theory.:^ 

The  measures  which  might  be  safely  relied  on,  took  in 
but  a  small  portion  of  the  globe.  Neither  Frisi  nor  the 
other  philosophers  who  have  written  on  this  subject,  were 
aquainted  with  the  degree  measured  in  the  year  1702,  in 
China,  in  the  40th  degree  of  latitude,  by  the  Jesuit 
Thomas,  the  value  of  which  degree  was  found  to  be 
56,987.899  toises,  or  60735  fathoms  of  six  feet  each; 
which,  by  supposing  a  depression  of  j}^  would  differ  on-. 

•  He  makes  the  degree  io  bis  Figure  of  the  Earth,  57,405,  and  in  the  Kle- 
menti  of  Geography,  57,438. 

t  Zacb.  Astron*  Correspond,  viii.  507,  ei  seq. 

*  Dnboureuet,  Trait.^  de  Navig.  p.  283,  308,  &c. 
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BOOK    ly  23,983  toises,  or  26  fathoms,  in  excess  from  the  value  pre- 
^^*      sumed.    But  this  measurement  being  susceptible  of  several 
interpretations,  there  can  be  no  great  harm  in  neglecting 
it* 
Errors  Some  persons  have  been  tempted  to  doubt  of  the  possi- 

caused  by  bility  of  measuring  a  degree  of  the  meridian  with  perfect 
accuracy.    The  errors  inseparable  from  the  nature  of  the  in- 
struments  then   employed,  might  amount  to  3  or   4    se- 
conds for  the  celestial  arc,  or  60  toises  for  the  terrestrial 
degree*!      ^^   attraction   of  mountains,  which    deranged 
the  plumb  line  by  which  the  vertical  is  determined,  excit- 
ed the  most  restless  doubts.    This  effect  of  gravitation,  a 
striking  proof  of  Newton's  general  theory,  might    affect 
measurements  in  other  respects  executed  with  the  greatest 
care,  sinc^  a  deviation  of  the  vertical  line,  of  15  seconds 
only,  at  both  extremities  of  the  arc  measured,  would  cause 
an  error  of  500  toises,  or  533  fathoms,  which  quantity  is 
greater  than  the  presumed  difference  of  the  two  extreme 
degrees  under  the  equator  and  the  pole.    But  Newton  had 
estimated  this  attraction  at  two  minutes,  for  a  mouivMn 
three  English  miles  in  height  and  six  broad.    This  es- 
timate, it  is  true,  has  appeared  excessive.    By  the   ob- 
servations which  Bouguer   and  La   Condamine  careful- 
ly made  in  1737,  in  Peru,  near  the  mountain  of  Chim- 
borazo,   the   plumb-line   deviated    7^  seconds  in   conse- 
quence of  the  attractive  force  of  that   mountain,  which, 
according  to  Newton's  theory,  should  have  produced  an 
effect  13  times  greater ;  but  the  nature  of  the  volcanic  rocks 
of  that  mountain  renders  the  experiment  dubious.^    Similar 
effects  have  been  observed  in  the  Pyrenees,  the  Alps,  the 
Appennine   mountains,   and   in   Scotland,  where  Maske- 
lyne  repeated  those  observations  with  the  utmost  precision, 

*  Hallerstein,  Obser.  Astr.  Pekini  Sinarum  facte,  p.  366.  Vindob.  1768. 
Comp.  Zach.  Ast.  Corresp.  i.  248,  251,  589,  594. 

t  D'Alembert,  Encyclopedie,  Fig,  di  la  Terre.  Bouguer,  Fig.  de  la  Terre, 
Sect.  1.  «  4.  &c. 

%  Bouguer,  Fig.  de  la  Terr«. 
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and  obtained  a  result  which  approaches  nearer  to  Newton's    book 
theory.*     It  is  very  possible  that  this  attraction  may  have      ^^* 
aflected  the  measures  taken  by  Lacaille,  since  that  astrono- 
incr  performed  no  experiment  to  determine  the  effect  of  the 
mountains  of  the  southern  part  of  Africa,  on  the  plumb-line 
of  the  instrument  which  he  made  use  o£ 

At  length,  a  simple  and  decisive  idea  presented  itself  to  Opinion 
file  mind  of  some  superior  geniuses,  who  were  fatigued  with  the  Ureiu? 
the  interminable  dispute  of  the  earth's  depression.    It  was  larity  of 
supposed  that  the  curvature  of  the  terrestrial  spheroid  might^^l^y^' 
he  subject  to  some  slight  irregularities.    Why  should  nature, 
which  is  not  fond  of  geometrical  figures,  have  made  the 
eartti  a  perfect  and  regular  ellipsoid  ?  Buffon  was  one  of 
the  first  who  proposed  this  opinion  ;f  Condamine  seems  to 
have  faToured  it  ;^  and  Maupertuis,  who  at  first  had  loudly 
rejected  it,  at  last  only  doubted  of  it:$    Lacaille,  whose 
measures  did  not  agree  with  any  other,  naturally  inclined 
to  an  explication  which  justified  his  operations.    However, 
natural  philosophers  in  general  still  objected  to  this  opi- 
nion, which  was  feebly  supported  by  those  who  had  ad- 
vanced it. 

A  more  serious  attempt  to  maintain  the  regular  ellipsoid,  m.  kiu- 
was  made  by  M.  Kliigel,  a  German  mathematician.  To  de-  g«i's^*»ypo- 
monstrate  that  all  the  degrees  accurately  measured,  even 
that  of  Lacaille,  might  be  applied  to  a  regular  ellipse,  he 
supposed  a  small  difference  existed  between  the  minor  pri- 
mUvoe  axis  of  the  terrestrial  eUipsoid,  Pp  Fig.  16,  and  the 
aehtal  axis  of  rotation  n  ^r;  whenjce  would  result  for  ex- 
ample, that  the  Cape  of  Gk>od  Hope,  might  have  been  ori- 
ginally nearer  to  the  south  pole,  or,  more  accurately  speak- 
ing, tiiat  the  southern  extremity  of  the  axis  of  rotation 
has  changed  its  position  with  respect  to  the  equator  Eq. 
Therefore  the  southern  degree  a  ft,  although  more  distant 
from  the  pole  of  rotation  w  than  the  northern  degree  from 

*  Philosophical  Transaction!,  1775,  f.  500. 
t  Nat.  Hist.  torn.  i.  p.  165. 

X  Rapport  snr  les  M^sures  4u  Pfrou,  p.  2%t. 

*  Lettrts  rhysiques. 
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BOOK  the  pole  n,  might  nevertheless  be  in  the  same  situatioD 
.^'-  with  respect  to  the  true  minor  axis  of  the  ellipsoid  Vp; 
"""**—"  and  would  consequently  have  the  same  absolute  value,  not- 
withstanding the  difference  of  latitude.*  It  is  obvious  what 
revolutions  would  take  place  on  the  earth,  if  this  hypothe- 
sis had  any  foundation.  It  is  evident  that  the  major  axis  of 
flie  globe  would  no  more  coincide  with  the  plane  of  the  equa- 
tor;  and  is  it  possible^  according  to  the  laws  of  hydrostaticsi 
that  the  terrestrial  ellipsoid  could  perform  its  revolution 
round  any  other  axis  than  its  real  minor  axis?  But,  what- 
ever objections  may  be  made  to  M.  Kl'igel,  his  hypothesis 
appears  so  ingenious,  and  would  be  so  fruitful  in  interesting 
results  for  pliysical  geography,  that  we  thought  proper  to 
give  an  idea  of  it  here. 

Such  were  the  doubts  of  astronomers  and  mathemati- 
cians res))ecting  the  figure  of  the  earth,  when  a  political 
project  affonled  an  opportunity  for  undertaking  a  new 
measure  of  the  arc  of  the  meridian,  which,  passing  through 
Measure-   the  capital,  traverses  France.    The  National  Convention 
dlTc'tedTy  ordered  that  a  uniform  and  permanent  system  of  weights 
Deiambre,  and  measures  should  be  established.    The  philosophers  pro- 
Biot,  Ice.'   posed  to  found  the  basis  of  this  system  upon  nature,  and 
to  take  as  the  primitive  unity  of  measure^  or  m^tre,  tbe  ten 
millumth  part  of  a  quadrant  of  the  terrestrial  Bieridtan,  that 
18,  the  space  bet\\een  the  equator  and  tlie  pole.    It  was  said 
that  a  metrology  founded  on  such  a  basis  would  belong  to 
every  age  and  nation.    But  how  were  they  to  find  pre- 
cisely the  length  of  the  fourth  part  of  the  meridian  ?  They 
could  not  deduce  it  from  the  ancient  measures,  for  these 
contradicted  each  other;  it  was  therefore  determined  that 
the  new  metrological    system  should    be  rendered    more 
authentic  by  founding  upon  new  operations,  conducted  with 
a  precision  till  then  unknown,  and  directed  by  the  most  able 
-astronomers.    Delambre  and  Mechain  were  appointed  to 
measure  the  arc  of  the  meridian  intercepted  between  the 

*  Kliigel,  DimensioDf  de  la  Terre,  ftc.  io  tbe  Aitronomical  CoUectioot  p( 
Berlin,  iii.  164,  169, 
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piralMs  of  BarcdoBa  and  Dunkirk.  These  two  celebrat-  book 
ed  geooMstricians  measured  the  angles  6f  90  triangles  with  i'* 
tte  new  repeating  circles  which  Borda  had  constructed ; 
diejr  obserred  with  these  instruments,  5  latitudes  at  Dun- 
kirk»  Paris,  Evaux,  Carcassone,  and  Barcelona.  The  two 
ioies  near  Melun  and  Perpignan  were  measured  with  pla- 
tina  and  copper  rules,  and  were  found  to  agree,  to  a  few 
inches,  with  the  measures  calculated.  Minute  attention 
prerented  or  rectified  the  smallest  errors.  The  most  emi- 
nent of  the  French  mathematicians,  together  with  a  num- 
ber of  others  sent  from  different  countries,  verified  and 
suctioned  all  the  calculations.  No  farther  doubt,  there- 
fore, can  be  entertained  respecting  the  results  of  this  vast 
enterprise,  which  commenc^  in  1792,  and  terminated,  as  to 
fhe  measurement,  in  1798. 

It  has  been  proved,  that  the  degrees  of  the  meridian  Reiuiu. 
dindnish  towards  the  south,  and  increase  towards  the  north* 
But  tills  augmentation  of  the  terrestrial  degrees  does  not 
follow  a  regular  and  constant  progression.  Therefore  no 
meridian  whatever  can  be  a  regular  ellipse.  It  is  probable, 
that  tiie  earth  itself  is  not  a  solid  of  revoluHoUf  that  is, 
rircumscribed  by  the  revolution  of  an  individual  ellipse 
roand  its  centre.  However,  those  irregularities  which 
appear  extremely  small  in  comparison  with  the  mass  of  the 
earth,  may,  without  inconvenience,  be  overlooked. 

The  meridian  of  France,  which  Messrs.  Biot  and  Arago  QuantUf 
have  lately  prolonged,  by  a  very  tedious  operation,  as  far  as  °^  *f  ^•' 
die  isles  of  Ivica  and  Fromentera*  gives,  if  we  consider  it  ^'*''' 
apart,!  ^^^  ^^  quantity  of  the  depression  -^  and,  by  com- 
paring it  with  the  degree  of  Peru,  it  would  give  t^. 

This  latter  result,  adopted  by  the  commission  of  weights  Accords 
and  measures,  coincides  with  what  was  found  by  observing  Qo^na!' 
the  pendulum.    It  agrees  also  with  several  celestial  pheno- 
mena, the  cause  whereof  is  the  non-sphericity  of  the  earth ; 
for  this  planet  being  swelled  towards  tlie  equator,  tiie  at- 
traction of  the  sun  and  moon  is  there  more  powerful  than 

*  Notice  of  the  operations  carried  on  in  Spain.    Mercury,  Jan.  7, 1810. 
t  Laplace,  Sjrstdme  du  Monde,  p.  S2. 
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towards  the  poles ;  and,  as  the  plane  of  the  equator  is  in- 
clined to  the  ecliptic  and  lunar  orbit,  this  additional  attrac- 
tion communicates  to  the  axis  a  progressive  motion^  which 
causes  the  equinoctial  points  to  retrograde,  and  an  alternate 
motion,  by  which  it  oscillates  around  the  position  it  would 
have  by  virtue  of  the  first  motion.  The  latter  is  called  the 
precession  of  the  equinoxest  and  the  former  the  nutation* 
M.  Burg,  a  celebrated  German  astronomer,  having  calcu- 
lated, at  the  request  of  M.  de  Laplace,*  the  causes  of  those 
perturbations,  and  tlie  influence  of  the  earth's  depression, 
found  the  latter  to  be  y^. 

The  degree  measured  at  the  polar  circle  by  the  French 
academicians  in  1737,  was  that  which  differed  the  most  from 
the  general  result  deduced  from  all  the  other  data.  We 
have  already  mentioned,  that  considerable  errors  were  sus- 
pected in  the  operation,  and  tliis  has  been  since  demon- 
strated. M.  Melanderheilm,  a  le-amed  Swedish  astronomer, 
undertook  to  get  a  new  degree  measured  by  M.  Svanberg, 
one  of  his  pupils,  and  for  that  purpose  the  repeating  circle 
was  employe<i,  and  all  the  delicate  methods  of  modem  geo- 
desia.  The  French  academicians  had  measured  only  an  arc 
of  57',  but  M.  Svanberg  extended  the  operation  to  1°  37'. 
By  the  definitive  result  of  this  measure,!  a  degree  of  the 
meridian  is  found  to  be  57,209  toises,  or  60,970  fatiioms,  in 
latitude  66°  20',  or  196  toises,  shorter  than  that  which  was 
measured  in  1737.  This,  compared  with  the  French  degree, 
gives  for  the  depression  ^ir,  and  with  that  of  Peru  ^* 
We  may  also,  by  different  hypotheses,  combine  this  measure 
with  a  depression  of  -^^  Thus  there  is  no  essential  differ- 
ence between  this  result  and  that  which  was  adopted  by  the 
French  mathematicians.^ 


*  Laplace,  Syst^me  du  Monde,  p.  218. 

t  Svanberg,  Exposition  of  the  Operations  carried  on  in  Lapland.  Stockholm, 
1805,  p.  164,  92. 

X  Since  the  publication  of  this  work,  the  king  of  Denmark,  full  of  zeal  for 
the  progress  of  the  sciences,  has  ordered  an  arc  of  the  meridian  td  be  measured 
which  passes  through  Jutlaud,  Fiooia,  Holstein,  and  Lauenbourg,  and  which 
contains  4  degrees  of  latitude.  This  measurement  it  entrusted  to  one  of  the 
ablest  modern  astronomers,  M.  Schumacher  of  Copenhagen,    At  the  same  time, 
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Observations  made  on  tbe  planets,  which  are  several  mil-    book 
linns  of  leagues  distant  from  us,  have  concurred  to  esta-      ^^* 
blish  our  ideas  respecting  the  oblate  figure  of  the  terrestrial  — — — 
spheroid.    The  alteration  of  the  spherical  figure,  resulting  oepretsion 
from  the  rotation  of  a  celestial  body  on  its  own  axis,  appears  o^  J"pi*«'* 
also  in  the  planet  Jupiter,  where  it  is  so  sensible  that  the 
difference  of  both  diameters  of  the  disc  may  be  discerned 
by  mean^  of  a  telescope.    This  difference  is  almost  -j^th ; 
and  when  we  compare  the  exact  measure  of  this  depression, 
the  dimensions  of  Jupiter,  and  the  time  of  his  rotation  with 
those  of  the  earth,"*^  we  find  for  this  latter  planet  a  flatness 
proportional  to  y^ ;  which  still  coincides  with  the  grand 
FVcnch  measure. 

It  must  not  be  dissembled,  that  this  accord,  which  appa-  EngUsh 
raitly  ought  to  have  been  universal,  was  affected  by  some  m«asurcB. 
new  doubts  suggested  by  two  German  mathematicians,  by  poubtB. 
reason  of  the  geodesical  operations  of  the  English.    The 
two  measurements  in  the  East  Indies,  the  one  by  Burrow^ 
rmiet  the  tropic,  the  other  by  Lamhton  at  IS**  north  lati- 
tode^  have  furnished  results  which  combine  tolerably  well 
wifli  those  of  the  French  measures,  though  they  are  still 
more  favourable  to  Newton's  theory.f    But  the  measure  of 
3  degrees  by  Major  Mudge:^  in  England,  gives,  according 
to  the  German  mathematicians,  considered  by  itself,  a  de- 
pression under  the  eqitator  of  /^th.    This  singular  result 
seems  to  prove  decidedly,  that  the  spheroidal  figure  of  the 

tbe  celebrated  M.  Gauss  of  Gottingen,  is  directed  to  measure  an  arc  of  the  me- 
ndian  of  3  degrees  in  Hanover.  This  operation  wiU  likely  be  connected  with 
that  of  the  Danes. 

It  is  known  that,  since  the  publication  of  this  volume  in  1812,  (second  edi- 
tion,) tbe  English  and  French  mathematicians  have  connected  together  the 
grand  and  magnificent  geodesical  operations  of  France  and  England. 

By  these  measures,  the  curvature  of  the  earth  is  exactly  determined  from  the 
Shetland  islands  to  the  island  of  Fromentera.  See  the  J^diice  published  by  M. 
Biot«— vfu(iior'«  note, 

*  La]^ace,  Systj^me  du  Monde,  S53. 

t  Zach.  Corresp.  zii.  488^493. 

X  PhiL  Trans.  1893,  part  ii.  p.  383.  Corap.  Lindenau  in  Zach.  Corresp* 
sir.  137,  et  teq. 
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BOOK  earfli  is  subject  to  irregularities  which  can  onlybedet^- 
^^  mined  by  multiplied  measurements.* 
-"""■*"  We  may  therefore  consider  the  quantity  of  the  earth's 
Gaographu  depression  as  sufficiently  determined  for  geographical  pur- 
^'Jg^^°^'"' poses.  There  are  few  geographers  indeed,  who,  in  the 
construction  of  maps  on  a  small  scale,  have  paid  attention 
to  the  depresHion  or  ellipticity  of  the  earth.  Maupertuis, 
Murdoch,  and  others,  have  indeed  calculated  tables,  which 
give  the  increase  of  the  degrees  of  longitude  on  an  elliptic 
spheroid.f  The  geographer  Bonne  demonstrated  to  Rizzi 
Zannoni,^  that  in  his  large  map  of  Europe,  he.  ought  to 
have  made  allowance  for  the  effect  of  ellipticity,  which  was 
then  presumed  to  be  ^  4^  But  the  measures  and  calculations 
have  now  changed  one  of  the  elements  of  this  question. 
The  depression  of  the  earth,  reduced  to  the  yf^  of  the  equa- 
torial diameter,  not  producing  between  this  diameter  and 
that  which  passes  through  the  poles  more  than  a  difference 
of  about  7  leagues,  would  give  for  a  spheroid,  the  major 
axis  of  which  would  be  3  feet,  a  difference  of  only  1|  line, 
or  about  |th  of  an  inch,  a  quantity  which  it  would  be  ex- 
tremely difficult  to  observe  with  precision  in  the  construc- 
tion of  globes.  They  may  therefore  be  made  perfectly 
spherical.  In  topography  and  special  hydrography  the 
effect  of  ellipticity  is  perceptible  not  only  in  the  de- 
grees of  latitude,  but  also  in  those  of  longitude ;  it  is  the 
duty  of  a  careful  geographer  to  attend  to  it,  by  follow- 
ing the  methods  which  several  late  works  give  for  express- 

*  Laplace,  Me€an«  Celeste,  ii.  144*  Sioce  the  publication  of  this  work,  few 
memoirs  haye  appeared  on  this  subject|  at  least  to  our  knowledge ;  but  the 
opinion,  supported  by  so  many  physical  probabilities,  that  the  earth  is  com- 
posed of  two  unequal  hemispheres,  seems  to  have  been  rejected  by  Laplace. 
JVb/e  of  the  i^til^r.— Much  light  will  be  thrown  on  this  subject  by  the  labours 
of  Mudge,  Colby,  Kater,  MaccuUoch,  &c.  who  have  been  employed  lately  io 
extending  the  British  arc  of  the  meridian  to  Shetland,  combining  it  with  the 
French  arc,  and  determining  the  length  of  the  pendulum  at  diflferent  points. 

t  Maupertuis,  Elem.  de  Gtegraph.  Corop.  Mem.  de  TAcad,  des  Sciences, 
1744,  p.  466. 

X  Refutation  of  a  work  of  M.  Rizzi  Zannoni,  entitled.  Dissertation  on  differ- 
ent points  of  Geography,  by  M.  Bonne,  a  rare  work,  communicated  by  M«  d« 
Lalande  to  M.  de  Zach.  Coriesp.  i.  186. 
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ing  tbose  diflTerencte.*  The  tables  annexed  to  this  volame  book 
give  all  the  necessary  details  for  ascertaining  the  absolute  ^^ 
Tilue  of  each  degree  of  longitude  and  latitude,  as. also  for 
the  comparison  of  the  new  metrical  system  with  the  ancient 
measures.  However,  we  cannot  terminate  this  short  histo- 
rica]  account  of  the  investigations  relative  to  the  figure  of 
the  globe,  without  placing  before  the  reader  the  principal 
rtsults  of  the  great  French  measure. 

Basis  of  the  Mw  Metrology. 

In  Metnii  lo  Acnah  VIeet. 

71k  fourth  pan  of  the  meridian          .            10,000,UOO  30784440 

The  Decimal  degree                                               100,000  907844,4 

Mjriaineue 10,000  90784,44 

tKilometre             .                                                    1,000  3078,444 

Hectometre 100  307,8444 

Decametre               ....                     10  30,78444 

Metre 1  3,078444 

Jftw  Jistronandcal  DMsums* 

The  fourth  of  the  meridian        •  •  100* 

I>ep«e 100* 

Miaute  or  prime  •  •  •  100" 

Second         •  .  ,  .  •  100'" 


Compared  with  the  ancient  Jstranomieal  Measures. 

ual  to  •  •  • 

IHmensions  of  the  Olobe. 


1  Ceotenmai  degree  equal  to  •  •  •        64^ 

I  Minute S2"4 

1  Second 0"334 


InTafaii. 

Radiui  of  the  equator  or  semi-major  axis  of  the 

terrestrial  ellipsoid       •            .            .            .           6,375,750  3,271,226 

Radias  of  the  semi-minor  axis  .  •  6,356,662  3,261,438 
Depression  at  the  poles«  or  excese  of  the  equatorial 

above  the  polar  radius             .            .            •                19,088  t,794 

Radius  of  the  earth  supposed  to  be  spherical  .  6,366,206  3,266,329 
Circumference  ef  the  ellipsoid  under  the  meridi- 

SD  of  Paris 39,999,867  20,522,960 

Circumference  under  the  equator      •            •               40,069,948  20,553,717 

Ao/e,  The  French  metre  is  39.371  English  inches ;  the  toise,  according  to 
General  Rojr,  is  1.0657  English  fathoms. 

*  Puissant,  Traits  de  G^od^sie,  p.  125,  et  ttq.  Dubourguet,  Traits  de  Nav. 

t  The  name  adopted  is  Kiiometre;  but  it  is  a  barbarism :  the  proper  expres- 
iMBisJKttonefTf. 
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Principal  Degrees. 

Ancient  degree  of  Latitude  under  the  equator 
Ancient  degree  of  latitude  at  45<»  N.  latitude 
Ancient  degree  of  latitude  at  the  pole 
New  degree  of  latitude  under  the  equator      • 
New  degree  of  latitude  at  50  N.  (new  meai.) 
New  degree  of  latitude  at  the  pole      . 

bMeim.       &iT<itei. 
110,614          56,753 
111,117          57,011 
1  1,612         57,364 
97,552          Blyfm 
100,006          51,310 
V  0,449          51,538 

Ob 

New  degree  of  longitude  at  0<*  of  latitude     . 

Id.  at  50*»  N.  latitude  (new  div.) 

Id.  at  990  latitude        .... 

QBa8|4icnldwidi 

100,000m             100,149ni 

70,711                  70,922 

1,571                    1,577 

The  minuteDess  of  those  differences  by  which  our  ter- 
restrial ellipsoid  has  been  proved  to  deviate  from  a  perfect 
globe,  strikingly  exhibits  the  accuracy  and  nicety  of  the  me- 
thods employed  by  astronomers  and  mathematicians.   What 
delicate  instruments  must  have  been  used,  what  rigorous 
calculations  made,  in  order  to  determine,  within  a  few  toises 
of  the  truth,  the  dimensions  of  this  vast  globe,  in  com- 
parison of  which  our  body  is  but  an  atom !     Let  not 
this  discovery  at  least  be  attributed  to  the  ancients !    If 
Whether    ^™^  learned  men  have  pretended  to  see  clearly,  in  some 
the  ancient  yague  phrases  of  the  ancients,  a  notion  of  the  polar  de- 
quainted    pression,*  there  are  others  who  have  as  clearly  discover- 
r^^^uto    ^  ^^  ^^^^  ^^  ^^  equatorial  depression;!  those  two  op- 
of  the       posite  opinions,  therefore,  destroy  each  other.    The  notion 
gioht.       ^^^^  ^f  ^^  ellipticity  of  the  terrestrial  globe  could  not 
arise  but  from  a  clear  idea  of  universal  gravitation.    It 
was  therefore  reserved  for  the  genius  of  modem  geome- 
try to  draw  the  human  mind  into  this  bold  and  subtle 
research. 

*  Frerety  Mem.  de  TAcad.  des  Inscription t,  torn.  zTiU«  p.  112. 
t  Burnet,  Theoria  Tellurit  Sacra,  p.  S6, 136, 137. 
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dmtimuiHon  of  the  Theory  of  Geography.    Of  Terrestrial 
Gkbes.    Of  their  Construction  and  principal  Uses.* 

To  fix  well  in  the  mind  the  different  parts  of  knowledge 
which  form  the  study  of  geography,  it  is  necessary  to  have 
before  our  eyes  an  image  of  the  earth  and  its  parts^  on  a 
small  scale.  The  most  simple  of  these  representations  is 
the  artificial  terrestrial  globe  ;  it  is  the  earth  in  relief,  with 
its  geas,  continents,  and  islands.  The  mountains,  rivers, 
and  principal  towns,  are  also  indicated  on  it.  All  these 
points  have  on  the  artificial  globe  their  true  position  ;  they 
are  represented  in  their  totality,  and  relatively  to  each  other, 
as  they  are  situate  on  the  earth  itself,  according  to  astro- 
nomical observations  and  geodesic  measures.  A  geogra- 
phical map  can  only  give  perspective  views  of  a  part  of 
the  globe,  in  which  there  are  always  more  or  less  of  errors 
of  convention. 

We  find   in  the    artificial    globe  the  material   image  ^•"""Pt 
of  tiiose   mathematical    circles  which    serve  to  give  us  artificial 
an  idea  of  the  various  relations  of  the  earth  with  the  8^®*^* 
heavenly  bodies,  and  of  terrestrial  places  with  each  other. 
Thos,   on    the   surface  of  the    globe   ought  to  be  indi- 
cated, the  terrestrial  equator,  the  tropics,  the  polar  circles; 
then,  by  weaker  lines,  the  other  parallels  to  the  equator, 
from  5  to  5,  or  from  10  to  10  degrees,  according  to  the  size 
of  the  globe.    We  also  find  the  meridians  indicated  from 
5  to  5  or  from  10  to  10 ;  they  are  numbered  at  their  point 
of  uitersection  with  the  equator.    The  parallels  to  the 
equator  are  also  numbered  at  the  place  where  they  cut 
that  meridian  which  has  been  chosen  for  the  first.    The 
ecliptic  is  also  marked  on  good  globes. 

*  Bioo,  Usage  des  Globes,  1718.  Sehiebely  Instruction  sur  i'usages  des 
'Globes  Artiftciels  (en  AUemand)  1779  k  1785. 
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BOOK  The  poles  are  indicated  by  two  points^  on  the  axis  of 
™*  which  the  globe  turns.  These  two  points  are  fixed  to  a 
"-*""■**  circle  of  metal  which  surrounds  the  globe  from  one  pole  to 
the  other,  so  that  on  turning  the  globe,  every  terrestrial 
spot  passes  under  this  circle*  It  serves,  therefore,  as  a  ^- 
neral  meridiafif  and  is  so  called.  The  degrees  of  latitude, 
and  even,  on  large  globes,  the  minutes  and  seconds,  are 
marked  on  the  general  meridian. 

The  bearers,  or  feet  of  the  whole  machine,  support  a 
circular  band  of  metal  or  wood ;  it  cuts  the  globe,  in  what- 
ever position  it  may  be  placed,  into  two  hemispheres,  one 
superior,  the  other  inferior;  and  thus  represents  the  ration- 
al horixofu  This  artificial  horizon  has  several  circles  trac- 
ed on  its  surface ;  the  inmost  marks  the  number  of  degrees 
of  the  twelve  signs  of  the  zodiac ;  on  it  are  the  names  of 
those  ftigns  and  the  days  of  the  month.  Another  circle  is 
divided  into  thirty-two  parts,  which  mark  the  points  of  the 
compass. 

I%f  quadrant  for  taking  heights  is  intended  as  a  substi- 
tute for  the  compass  in  diflbrent  researches.  It  is  a  little 
plate  of  copper  attached  to  the  general  meridian,  and  di- 
vided into  90  degrees,*  which  serves  to  measure  the  dis- 
tance and  position  of  the  places  without  the  compass.  The 
horarji  drdt  is  fixed  on  the  north  pole ;  it  is  divided  into 
S4  hours,  and  bears  a  moveable  needle,  which  turns  round 
the  axis  of  the  globe.  There  is  also  at  the  foot  of  the  globe 
a  compass^  which  should  be  fixed  in  the  parallel  and  meri- 
dian of  the  horizon. 
clu!rae^a  Globc-makers,  and  especially  those  of  Paris,  have  been 
sioiM.  80  careless  of  late  years,  in  the  delicate  construction  of  that 
instrument,  that  a  lover  of  geography  cannot  be  too  scru- 
pulous in  examining  the  quality  of  a  globe  before  he  pur- 
chases it.  He  should  ascertain  the  complete  correspond- 
ence of  the  divisions  marked  on  the  circles.  The  degrees 
of  the  equator  and  the  ecliptic  should  be  equal  with  each 
other  and  with  those  of  the  quadrant.    The  same  equality 

*  It  coinmoDly  goes  to  114  degrees,  or  to  the  arch  equal  to  the  diameter. 
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Aodd  exist  between  the  degrees  of  the  general  meridian 
ind  tiM  horizon,  represented  by  the  interior  circle  of  the  ^^^ 
circalar  band  of  the  middle.  These  divisions  are  examin-  """"""^^ 
edy  by  intercepting  with  a  compass  a  certain  number  of  de-^ 
grrest  and  by  trying  if,  with  the  same  opening  of  the  com-* 
pussi  the  same  number  of  degrees  can  be  intercepted  every 
where.  The  globe  should  be  at  an  equal  distance  from  the 
general  meridian  and  from  the  horizon,  and  far  enough 
from  them  never  to  rub  against  those  circles ;  which  only 
happens  in  the  very  worst  globes.  The  globe  should  bd 
Iftahuiced  perpendicularly  on  the  two  points  which  repre- 
sent  the  poles.    This  is  Icnown,  if,  when  turned,  it  stops  as  ' 

soon  as  the  band  is  taken  from  it.  The  equator  should,  in 
all  positions,  cut  the  meridian,  and,  if  there  be  one,  the  ho- 
rizon, into  two  equal  arches  $  it  ought  therefore  always,  on 
tnrning  with  tlie  globe,  to  coincide  with  the  points  where 
the  quarter  of  those  circles  begin.  In  the  parallel  sphere 
it  should  always  preserve  the  most  exact  parallelism  with 
the  horizon.  In  like  manner,  the  tropics  and  polar  circles 
should  every  where  coincide  with  the  latitudes  that  belong 
totheou 

The  networkf  or  assemblage  of  the  lines  representing 
the  cirdes  of  longitude  and  latitude,  should  correspond  ex- 
ictly  in  all  its  joinings ;  which  is  very  seldom  the  case  even 
in  large  globes;  the  surface  of  the  paper  pasted  on  the 
globe  being  rarely  connected  with  perfect  exactness. 

The  globe  serves,  generally  speaking,  to  recapitulate  the  Construc- 
elements  of  mathematical  geography.  In  order  to  shew  its  giobe?^  ^^* 
use,  we  shall  now  explain  its  primitive  construction.  The 
BM»t  simple  and  most  exact  way  of  constructing  a  globe  is 
to  draw  immediately  on  its  surface,  by  the  means  we  are 
aboat  to  describe,  tiie  circles,  lines,  and  points,  which  it 
ought  to  represent.* 

Let  us  suppose  that  two  points  diametrically  opposite^ 
have  been  fixed  to  represent  the  poles,  and  that  the  axis  of 
rotation  is  to  pass  through  them :  taking  one  of  these  points 

*  Vareaius,  General  Geography,  >.  iii.  chap.  32«  prop*  5. 
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for  a  centre^  at  an  equal  distance  from  each,  a  circle  most  be 
III*  described,  which  will  be  the  equator ;  another  great  circle  will 
be  drawn  through  the  poles  to  represent  the  fir$t  meridian^ 
which  will  be  divided  into  90  degrees,  setting  out  from  the 
equator  towards  each  pole:  afterwards,  setting  out  from 
this  meridian,  the  circumference  of  the  equator  must  be  di- 
vided from  degree  to  degree*  These  two  circles  being  de- 
termined, it  is  easy  to  mark  on  the  globe  a  place,  the  lati- 
tude and  longitude  of  which  may  be  learnt  from  the  geo- 
graphical tables;  for  it  will  be  sufficient  to  mark  the  for- 
mer on  the  first  meridian,  and  through  the  point  where  it 
falls,  must  be  described,  taking  the  pole  for  the  centre^  the 
circle  parallel  to  the  equator, -passing  through  the  proposed 
spot;  then  drawing  through  the  point  oi  the  equator  on 
which  the  longitude  falls,  and  through  the  poles,  a  semicir- 
cle, the  meridian  will  be  had,  whose  junction  with  the 
parallel  marks  the  position  of  the  place. 

It  is  thus  that  the  drcUs  of  latitude  and  of  longitude  are 
traced  on  the  globe,  •at  the  distance  of  10  or  5  degrees 
from  each  other.  With  respect  to  these  circles,  the  fol- 
lowing remark  may  he  •  perhaps  a  little  too  elementary  for 
most  of  our  readers. 
Decnawof  The  ctrdes  of  latitude  are  parallel  to  the  equator ;  they 
^p^""'  diminish  therefore  necessarily  till  the  last  circle  of  latitude 
leU.  '  is  identified  with  the  point  of  the  pole  itselL  The  drcUs  of 
longitude,  or  the  meridianSf  go  from  pole  to  pole,  and 
cut  the  equator  perpendicularly;  they  are  equal,  with  a 
very  slight  difibrence.  The  degrees  of  latitude  are  count- 
ed only  on  the  circles  of  longitude,  and  vice  vers&m  The 
degrees  of  latitude  are,  therefore,  litde  arches  of  -^  of  a 
circle  of  longitude,  intercepted  by  two  circles  of  latitude* 
They  would  of  course  be  equal  without  this  small  differ- 
ence, which  proceeds  from  the  depression,  and  makes  them 
increase  a  little  towards  the  poles.  The  degrees  of  longi- 
tude are  little  arches  of  -^  of  a  cirde  of  latitude,  intercept- 
ed by  two  drdes  of  longitude.  Therefore  the  degrees  of 
longitude  go  on  diminishing  in  proportion  as  the  circles  of 
longitude  come  near  each  other ;  and  at  the  point  where 
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all  these  circles,  till  then  convergent,  cut  each  other,  that  is,    book 
at  the  pole  there  is  no  more  longitude.  ^^^- 

The  reckoning  of  the  latitudes  begins  at  the  equator.  This  " 

amimencenient  is  naturally  determined  by  the  circumstances 
of  the  earth's  motion.  It  is  otherwise  with  the  longitude; 
for  all  tiie  meridians  being  great  circles,  nature  furnishes  no 
motive  for  choosing  one  in  preference  to  any  other,  as  a  term 
from  which  to  begin  to  count,  or  v^a  first  meridian.  We  need  Fim  me* 
not  be  surprised,  therefore,  that  geographers  have  varied  ^ 
wndk  In  tiidr  choice. 

Ptolemy  fixed  his  first  meridian  at  the  Fortunate  Isles, 
(now  the  Canaries,)  because  it  was  the  most  western  limit  of 
the  countries  known  in  his  time;  and  as  their  extent  from 
ask  to  west  was  more  considerable  than  from  south  to  norths 
ttie  fomer  received  the  name  of  longitudCf  or  length,  the  lat« 
fer  that  of  latitude^  or  breadth,  which  they  still  bear.  Thia 
lirst  meridian  of  the  ancients  is  not  known  with  certainty, 
as  its  position  depends  on  the  precise  meaning  of  the  appel- 
lation FartutuUe.  Isles,  a  point  which  we  shall  discuss  in  the 
history  of  geography. 

In  order  to  render  the  manner  of  expressing  longitudes  ia 
Frendi  geography  uniform,  Louis  XIII.  ordered,  by  an  ex- 
pms  declaration,  that  the  first  meridian  should  be  placed  in 
the  Isfe  of  FerrOf  the  most  western  of  the  Canaries.  Delisle, 
ote  of  the  first  who  endeavoured  to  give  precision  to  geo- 
gnpbical  determinations,  fixed  the  longitude  of  Paris  20 
degrees  east  of  that  meridian.  When,  by  more  rigorous 
observatioDSy  it  was  known  that  the  difference  of  longitude 
ketweea  Paris  and  the  principal  town  of  the  Isle  of  Ferro 
WJB  %Qr  5'  50",  it  was  necessary  to  advance  the  first  meridi* 
an  5'  50"  to  the  east  of  that  point,  so  that  it  is  now  a  cir- 
cle of  mere  convention,  which  passes  through  no  remarka- 
ble point. 

The  Dutch  had  fixed  their  first  meridian  at  the  Peak  of 
Tmeriffe,  a  mountain  situated  in  the  island  of  that  name, 
and  th»  esteemed  the  highest  in  the  world. 

Gerard  JHereator,  a  famous  geographer  of  the  1 6th  cen« 
turjr,  chose  the  meridian  which  passes  through  the  island 
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BOOK    JBd  Carvo9  one  of  the  Azores,  because  in  his  time  it  was  the 

^^^*     line  on  which  the  magnetic  needle  suffered  no  variation.    It 

""""*"""  must  be  confessed,  that  it  is  the  most  natural  and  the  most 

commodious  point  of  departure  with  respect  to  maps  of  the 

world. 

Geographers  have  only  agreed  together  in  maintaining  an 

abuse,  that  is  in  understanding  by  the  name  of  the  meridian 

of  a  place,  only  the  half  of  the  great  circle  corresponding 

Meridian    with  the  Celestial  meridian ;  the  other  half,  which  is  in  the 

meridhtn'.   Opposite  hemisphere,  with  respect  to  the  poles,  id  sometimes 

called  the  anti-meridian* 

According  to  the  custom  of  geographers,  the  longitudes 
begin  to  be  coimted  from  the  eastern  side  of  the  first  meri- 
dian, and  are  reckoned  in  the  same  direction  over  the  whole 
circumference  of  the  equator,  till  they  return  to  the  western 
side  of  the  meridian.  In  this  way  of  counting  the  longitudes 
may  rise  to  360'' 
Longitudes     These  conventional  arrangements  have  not  been  adc^ted 
after' the    V  mariners.    Astronomical  observaticms  having  become  of 
custom  of  general  use  in  navigation,  and  the  tables  which  indicate  the 
navigators*  m^m^Q^  ^f  ^\^^  celestial  phenomena,  and  the  position  of  the 
heavenly  bodies  at  different  epochs,  being  always  calculated 
for  the  meridian  of  the  principal  observatory  of  each  nation, 
navigators  found  it  more  convenient  to  refer  to  this  meri- 
dian the  points  of  the  routes  they  followed.    Thus  French 
mariners  count  from  the  meridian  of  the  observatory  at  Pa- 
ris ;  the  English  from  Greenwich ;  the  Spaniards  from  Ca- 
diz.   Let  us  observe,  moreover,  that  mariners  estimate  the 
longitude  from  the  difference  of  the  time  which  elapses  be- 
tween the  passage  of  the  meridians  through  the  same  heaven- 
ly body,  or  from  the  difference  of  hours  counted  at  the  same 
moment  in  two  different  places.  If  one  has  advanced  towards 
the  east,  one  counts  more  than  under  the  meridian  from 
which  one  set  out ;  the  contrary  happens  when  one  advances 
towards  the  west    It  is  necessary,  therefore,  when  we  con- 
vert a  difference  of  time  into  a  difference  of  longitude,  to 
indicate  if  it  be   oritntal  or  occidentaL    In  this  way  of 
counting,  the  longitude  is  always  marlLed  by  the  side  near- 
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est  the  jBrst  meridian,  so  that  the  longitudes  only  embrace  book 
the  semi-circumfereuce,  op  do  not  rise  beyond  180*:  and  ^i^* 
the  globe  is  divided  into  two  hemispheres  with  respect  to 
fte  first  meridian ;  in  the  hemisphere  situated  to  the  west, 
the  longitudes  have  the  denomination  of  occidental;  and  in 
the  other  arientoL  All  marine  charts  are  established  accord- 
ing to  this  system  of  numeration. 

These  diversities  in  the  manner  of  estimating  the  longi-  Rfduciion 
tude  necessitate  calculations  of  reduction.    We  are  obliged,  phicai  lon- 
before  using  a  map,  to  examine  what  is  the  meridian  adopt-  g^'"^^^* 
ed  by  the  geographer,  *'  which  often  embarrasses  even  learn- 
ed persons."* 

When  we  have  to  do  with  longitudes  reckoned  according 
to  the  method  of  geographers,  that  is,  by  making  the  entire 
toarof  the  globe  by  the  east,  ^e  must  take  the  difference 
of  longitude  of  the  two  meridians  to  be  compared;  and  if 
fte  meridian  from  which  we  wish  to  set  out  is  to  the  west  of 
the  other,  this  difference  must  be  added  to  all  the  longi- 
tades  counted  from  the  other ;  in  the  contrary  case  it  must 
he  retrenched* 

For  example,  Moscow  is  S5^  12'  45"  from  the  meridian 
of  Paris,  how  many  is  it  from  that  of  Greenwich  ?  Add  the 
difference,  which  is  2°  20'  15",  and  you  will  have  the  result 
87'  33'.  Here  is  another :  Paris  is  20"*  from  the  meridian 
of  the  Isle  of  Ferro,  how  many  is  it  from  the  Dutch  meri- 
dian of  Teneriffe?  This  meridian  being  a  degree  more  to 
the  east  than  the  other,  retrench  1**  from  the  given  longi- 
tide,  and  you  will  have  19%  In  this  calculation  there 
happen  two  particular  cases.  The  result  by  addition  may 
surpass  360" ;  for  example,  Madrid  is  SSS'  57'  40 "  from 
Paris,  counting  in  the  manner  of  geographers,  how  many 
from  the  Isle  of  Ferro?  You  find,  on  adding  the  diffe- 
rence of  the  meridians,  373**  57'  40";  but  as  this  sum 
exceeds  the  value  of  the  whole  circle,  you  see  you  have  re- 
passed a  second  time  through  the  meridian  of  the  Isle  of 
Ferro.    You  must,  therefore,  retrench  360%  and  you  have 

♦  pWlembert,  dans  rEncyclopedie. 
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BOOK    IS*  57'  40".    In  the  same  way  it  sometimes  happens,  that 
m*     the  given  longitude  is  less  than  the  difference  of  the  meri- 
dians  to  be  retrenched  from  it ;  in  this  case  360*^  are  added 
to  the  longitude,  the  diflerence  is  then  retrenched,  and  the 
sum  required  is  found.    For  example,  the  isle  Gomere  is 
32'  from  the  Isle  of  Ferro,'  you  ask  how  much  it  is  from 
the  meridian  of  Teneriffe  ?    Add  360"*  to  32',  retrench  the 
difference,  and  you  have  359*  32',  which  is  the  longitude 
required.    Tlie  reason  of  these  operations  is  perceived  on 
repeating  them  on  the  globe. 
Reduction      The  reduction  of  longitudes,  reckoned  according  to  the 
longUudcfc  practice  of  navigators,  is  much  more  in  use.    In  setting  out 
from  the  same  meridian,  all  the  oriental  marine  longitudes, 
as  far  as  180%  remain  the  same  as  in  the  manner  of  reckon- 
ing adopted  by  geographers.    With  respect  to  the  occiden- 
tal marine  longitudes,  it  is  sufficient  to  deduct  them  from 
360%  to  bring  them  to  the  numeration  of  geographers. 
Here  is  an  example :  Yenus's  Point,  in  the  island  of  Ota- 
heite,  has  been  determined  by  navigators  to  be  151°  50'  30" 
of  western  longitude  from  the  meridian  of  Paris.    If  from 
360*  we  take  off  151*  50'  30",  the  difference,  which  is  208^ 
9'  30",  will  be  the  longitude  according  to  geographers.    It 
is  evident  that,1>y  an  inverse  operation,  we  may  transform 
into  nautical  longitude  the  geographical  longitudes  above 
180%  by  deducting  them  from  360% 

Ifwesetoff  from  two  different  meridians,  we  must  ob- 
serve on  what  side  the  meridian  to  which  we  wish  to  relet 
the  longitudes  is  placed  with  respect  to  the  other.  We 
must  retrench  their  difference  from  all  the  longitudes  of 
the  same  denomination  as  that  side,  and  we  must  add  to 
all  those  of  a  contrary  denomination.  An  example  will 
make  this  rule  more  easy.  The  meridian  of  the  observa* 
tory  of  Paris  being  2*  20'  15"  to  the  east  of  that  of  Green- 
wich, all  oriental  longitudes  with  respect  to  Greenwich 
must  be  diminished  by  that  quantity  to  be  referred  to  the 
meridian  of  Paris,  and  the  occidental  longitudes  must  be 
augmented  by  that  quantity.  It  is  thus  that  the  longitude 
of  the  Cape  of  Good  Hope  being  18*  23'  15"  to  the  east 
of  the  meridian  of  Greenwich,  becomes  16*  3'  to  the  east 
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of  tiiatof  Paris;  on  the  contrary ,  Cape  Horn,  placed  by  the    book 
English  at  67**  21'  15"  west  of  Greenwich,  is  69**  41'  30"     "i- 
west  of  Paris. 

In  these  reductibns,  as  in  those  of  the  geographical  lon- 
gitudes, it  may  happen  that  the  points  to  be  reduced  fall 
between  two  meridians,  or  between  their  opposite  meridians* 
Tlie  place  which  is  oriental  with  respect  to  one,  then  be- 
comes occidentfd  with  respect  to  the  other.  In  the  first 
case,  we  can  no  longer  retrench  from  the  longitude  to  re* 
dace  the  difference  of  the  two  proposed  meridians;  we 
most  do  the  contrary,  and  change  the  denomination.  In 
the  second  case,  the  number  which  results  from  the  addi- 
tion of  the  difference  of  the  meridians,  to  the  longitude 
wanted  from  the  meridian  we  wish  to  change,  surpasses 
180%  because  it  is  beyond  the  meridian  opposed  to  that  to 
which  the  longitudes  are  referred ;  it  must,  therefore,  be  re- 
trenched from  360%  or  from  the  entire  circumference,  to 
make  it  go  off  from  a  side  contrary  to  tiie  same  meridian; 
the  longitude  consequently  changes  its  denomination  again. 

Dover,  for  example,  is  V  18'  30"  to  the  east  of  Green- 
wicL  Subtracting  this  longitude  from  the  difference  of 
tiie  meridians  r  20'  15",  there  will  remain  V  1'  45",  which 
18  the  Qoddtntal  longitude  of  Dover  with  respect  to  the  me- 
ridian of  Paris.  Here  is  an  example  of  the  second  case :  At 
Turtle  Isle,  situated  in  the  Pacific  Ocean,  tiie  English  count 
nr  57'  west  longitude.  Adding  to  this  2°  20',  we  find  180** 
17'.  The  place  is,  therefore,  17"  beyond  the  meridian  oppo- 
sed to  that  of  Paris;  and  by  retrenching  1 80"  17'  from  360% 
we  haye  1T9^  43'  of  east  longitude  with  respect  to  the  me- 
ridian of  Paris. 

When  the  principal  circles  of  longitude  have  been  traced 
on  the  globe,  and  places  known  by  observations  have  been 
Mrked  on  it,  which  are  generally  the  capitals  of  states, 
the  most  frequented  ports,  and  most  salient  promontories^ 
it  only  remains  to  fill  up  the  intermediate  spaces,  by  draw- 
ing from  the  best  geographical  maps  the  sinuosities  of 
shores,  the  course  of  rivers,  and  the  chains  of  mountains. 
But  as  all  the  materials  of  these  designs  must  be  taken 
trom  maps,  of  which  we  shall  explain  the  constniction  in  the 


70  BOOK  THllkB. 

BOOK    foUoAving  Books,  it  would  be  premature  to  treat  here  more 
^^^"      at  length  of  the  rules  to  be  observed  in  choosing  the  best^ 
and  in  tranrerring  them  to  the  globe  with  the  greatest  ex- 
Common    actness.    We  shall  only  remark,  that  the  method  of  deli- 
makh/      seating  geographical  outlines  immediately  on  a  ball  of  cop- 
globes.       per,  wood,  or  any  other  matter,  is  only  employed  by  lovers 
of  the  science  who  wish  to  join  instruction  with  amusement, 
or  by  geographers  who  are  particularly  employed  by  some 
great  nobleman.    The  globe-makers  use  a  method  less  tedi- 
ous, less  expensive,  which  allows  them  to  multiply  copies. 
They  have  a  general  map  of  the  world  drawn  and  engraven, 
and  distributed  into  slips,  that  is,  spherical  segments^  with 
which  they  cover  the  ball  destined  for  a  terrestrial  globe. 
The  way  of  tracing  these  slips  will  be  indicated    in  its 
place. 
Uses  of  the     The  first  use  that  is  made  of  the  globe,  is  to  deter- 
Dista'nce    ^^^^  ^^^  distance  from  one  place  to  another.    The  shortest 
of  places,   distance  of  two  points  on  the  sphere,  is  measured  by  the 
arc  of  the  great  circle  which  joins  them;  and  as  all  great 
circles  are  equal,  the  degrees  of  any  of  them  contain  the 
same  number  of  itinerary  measures  as  those  of  the  meri- 
dian.   We  take  therefore  with    a  compass  the  opening 
of  the  arc  comprised  between  the  points  proposed,  and 
carry  it  to  the  meridian  or  the  equator,  which  are  gradu- 
ated. 

If,  for  example,  the  arc  comprised  between  two  places 
marked  on  the  globe,  and  brought  to  the  meridian,  contain 
lO*"  45',  we  shall  have  the  shortest  distance  between  these 
points  in  itinerary  measures,  by  converting  the  degrees  and 
minutes  into  marine  leagues  of  20  to  a  degree.  We  first 
obtain  200  leagues  for  the  10%  and  each  minute  being 
equivalent  to  a  third  of  a  league,  or  a  nautical  mUet  the 
45'  will  give  15  leagues:  thus  the  total  result  will  be  215 
marine  leagues. 

In  delicate  operations,  however,  it  is  better  to  use  cal- 
culation, which  gives  a  more  precise  result  Let  us  con- 
sider, for  example^  the  spherical  triangle  APL,  Fig.  6, 
formed  by  the  meridians  AP  and  PL  of  the  places  A 
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and  L^  whose  distance  we  require,  and  by  the  arc  of  the  book 
great  circle  AL^  which  joins  them.  In  this  triangle  we  ^^i- 
know  tte  sides  AP  and  PL,  which  are  the  distances 
of  the  points  A  and  L  from  the  pole  P,  or  the  com- 
plement of  their  latitudes,  and  the  angle  APL,  which  is 
measured  by  their  difference  of  longitude ;  the  rules  of 
s|dierical  trigonometry  will  give  us,  in  degrees  and  parts 
of  degrees,  the  side  AL,  which  we  can  convert  into  itine- 
rary measures.  In  the  case  where  the  places  A  and  L  are 
in  different  hemispheres,  one  of  their  distances  from  the 
pole  will  be  greater  by  90"*  than  the  latitude  of  the  place 
itself.* 

If  flie  places  of  which  we  wish  to  know  ttie  distance 
have  the  same  meridian,  it  is  only  necessary  to  take  the 
difference  of  their  latitudes,  and  to  convei*t  it  into  itinerary 
measures.  A  difference  of  some  minutes  in  longitude  has 
no  sensible  effect  on  the  result;  thus,  we  should  hardly 
mistake  more  than  a  league  in  measuring  the  distance  from 

*  Some  of  our  readeri  will  be  pleased,  perhaps,  with  an  example  of  this  sort 
of  calculation. 

The  distance  from  Paris  to  Philadelphia  is  required.  Longitude  of  Phi- 
ladelphia, ir*  36'  0"  W.  Long,  of  Paris,  0^  0'  0".  Diflference  of  Long.  A  == 
n°  36'  (T.  Lat.  N.  of  Paris,  48°  60*  15";  therefore  the  complement  B  := 
41^  9*  45".  Lat.  N.  of  PhUadelphia,  39°  56'  57" ;  thevefore  the  complement 
0  =  50^  3'  3".  Multiply  the  tangent  B  by  the  cosine  A,  you  will  have  a 
ungent  which  we  shall  call  x.  ft  must  be  subtracted  from  C  if  A  is  below 
9(P,  and  added  if  A  is  above.  There  results  the  quantity  we  shall  call  y. 
Now,  as  the  cof  ine  x  is  to  the  cosine  B,  so  the  cosine  y  is  to  the  cosine  of  the 
distance  required  D.  The  calculation  is  made  by  means  of  the  Tables  of 
Sines. 

Log.  tang.  B  ==  9.94165  Log.  cos.  x  =  9.99249 

Log.  cos.  A  =9.33190  Log.  cos.  B  =  9.87670 


Log.  cos.  y  =  9.88790 

Log-  tang.  X  =  9.27365  

Therefore  x=i\iP  37'  48''  Log.  cos.  D  ss  9.7721 1 

C=s60<>  3'    3"  therefore  D  =  530  42' 50" 


z=  1074  leagues,  20  to  a 


C  —  x  =  y--39°25'  aS"  degree. 

^  the  trigQnometryy  and  the  geaeral  farmulat  in  Puissant,  Traits  de  Gee- 
<ic8ie,  tit.  89.  Conp.  art.  30. 
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BOOK    Pai4s  to  Algiers  on  the  meridian  of  Fari%  though  it  is  41' 
^^^*     more  to  the  west  than  that  of  Algiers. 
r       T         It  would  be  a  great  error  to  take  the  difference  of  longi- 
on  the       tude  in  degrees  of  two  places,  situated  on  the  same  parallel 
o/dfi""'   for  the  measure  of  their  distance ;  this  can  only  be  done 
taoces.      when  the  places  are  situated  on  the  equator,  which  is  a  great 
circle;  but  its  parallels  being  small  circles,  the  radius  of 
which  diminishes  as  we  i^proach  the  poles,  it  follows  from 
the  principle  stated  above,  that  the  absolute  length  of 
their  arcs  does  not  give  the  true  measure  of  the  shortest 
distance  from  the  extremities  of  those  arcs;  this  distance 
can  only  be  measured  by  a  great  circle  passing  through  the 
two  extreme  points.    For  as, the  radius  of  the  parallel  is 
shorter  than  that  of  the  great  circle,  the  arc  of  the  parallel 
roust  necessarily  have  a  greater  curvature  than  that  of  the 
great  circle  comprised   between  tlie  same  points,  and  is 
consequently  longer.    Here  is  a  striking  example :  Peters- 
burgh  is  almost  under  the  same  latitude  as  the  isle  of  Ko- 
diak,  in  Russian  America;  the  difference  of  longitude  is 
about  180%  equivalent  under  this  parallel  to  1800  marine 
leagues ;  but  the  shortest  distance  between  these  two  places 
is,  counting  on  a  meridian  that  is  almost  common  to  them, 
60  degrees  of  latitude,  equivalent  to  1£00  leagues.     It  is 
true  that,  to  take  advantage  of  this,  it  would  be  necessary 
to  cross  the  eternal  ice  of  the  pole.    Thus,  in  geography  as 
in  politic^,  the  straight  road  is  not  always  the  most  advan- 
tageous. 

It  is  necessary,  therefore,  in  many  cases,  to  measure  the 
distances  on  the  parallels,  and,  consequently,  to  know  ex- 
actly the  value  of  the  degrees  of  longitude  marked  on  the 
Law  of  the  parallel  circles.    The  globe  renders  the  diminution  of  these 
Jj^j^g'^Jg  degrees  towards  the  poles  sensible  to  the  eye;  our  tables 
of  long!-    indicate  it  in  detail  r"**'  But  we  should  know  the  mathema- 
tical principles  of  it.    The  length  of  the  degrees  marked  on 
the  parallels  is  proportionate  to  the  radii  of  the  circles; 
but  the  radii  of  the  equator,  and  of  its  parallels,  are  per* 

*  See  tlie  Tahlet  aimtxed  to  this  rnlume. 
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peodicolaTB  let  fall  from  the  different  points  of  the  meridian    bo^k 
on  the  diameter  of  each  of  these  circles,  as  in  Fig.  6.  the     '^^ 
lines  EC  and  HK.    Consequently,  if  we  take  the  radins  EC  """""^ 
for  the  length  of  the  degree  of  the  equator,  and  if  we  divide 
it  into  twenty  parts,  representing  marine  leagues,  the  num- 
ber of  these  parts  which  the  radius  HK  of  the  parallel  LM 
fflay  contain,  will  indicate  the  value  of  the  degree  of  this 
parallel  inr  leagues.    Hence  it  results,  that,  to  determine 
tte  length  of  the  degrees  on  each  parallel,  we  have  only  to 
describe  on  a  line  EC,  which  represents  the  length  of  the 
degree  of  the  meridian,  or  of  the  equator,  a  quarter  of  a  cir- 
cle BP,  divide  it  into  degrees,  and  let  perpendiculars  fall 
froB  each  point  of  division  on  the  radius  CF ;  these  lines 
will  nark  the  respective  lengths  of  the  degree  of  the  parallel 
for  each  latitude. 

As  tiie  line  HK  is  the  sine  of  the  arc  PH,  and  the 
coshie  of  Die  arc  EH,  one  of  which  indicates  the  distance 
from  the  parallel  HM  to  the  pole,  and  the  other  the  latitude 
of  that  parallel,  it  is  evident  that,  taking  for  unity  the  de- 
gree of  the  equator,  that  of  any  parallel  whatever  will  he 
the  cosine  of  the  latitude  given  hy  the  trigonometrical  ta- 
bles. For  example,  the  latitude  of  Paris  is  48''  50',  and  the 
cosine  of  this  angle  0.658  of  the  radius ;  multiplying  this 
Bumber  by  20  marine  leagues,  we  have  for  the  value  of 
the  degree  of  the  parallel  13  leagues  ^  In  the  latitude 
fit  Petersbnrgfa,  or  60%  the  degree  of  longitude  is  reduced 
to  10  leagues,  because  the  cosine  of  60""  is  the  half  of  the 
radius. 

We  have  mentioned  what  is  to  be  understood  by  north  Relation  ot 
and  mmOh  east  and  tcest;  it  is  by  studying  the  globe  atten-  ^l^'^^tu 
tiTely  ttat  we  come  to  understand  perfectly  the  value  ofo/theho< 
those  tenns.  Two  terrestrial  points,  situated  under  the  same  "'^"* 
meridian,  are  directly  north  and  south  of  each  other,  and  all 
the  intermediate  points,  that  is  to  say,  all  the  points  of  the 
line  of  distance,  are  equally  north  and  south  of  each  other, 
aad  all  reclprocaitty  on  the  same  point  of  the  compass.    In 
like  manner,  any  two  points  whatever,  taken  under  the 
terrestrial  equator,  are  directly  east  and  west  of  each  other, 


74  BOOK  THIBD. 

BOOK    and  all  the  intermediate  points  are  equally  so,  and  are  re- 
^^*     ciprocallj  on  the  same  point  of  the  compass. 

■"^"""^     If  we  take  two  places  which  are  neither  under  the  same 
meridian,  nor  under  the  equator,  whatever  be  otherwise 
their  relative  position,  none  of  the  intermediate  places  will 
he,  with  respect  to  the  other  places,  on  the  same  point  of 
the  compass.    For  the  arc  of  a  great  circle  which    mea- 
sures the  distances,  is  an  arc  of  a  vertical  circle  which 
passes  by  the  zenith  of  the  two  places  in  question;  but 
every  vertical  circle  which  is  itself  neither  a  meridian,  nor 
perpendicular  to  the  terrestrial  meridian,  (like  the  equa- 
tor,) will  cut  all  the  intermediate  meridians  under  angles 
unequal  among  each  other.    But  it  is  these  angles  of  posi- 
tion which  determine  the  point  of  the  compass  on  which  a 
place  is  relatively  to  another.    Therefore,  as  all  the  inter- 
mediate places  between  the  two  places  in  question  will  of- 
fer  angles  of  position  unequal  in  degrees,  each  of  them 
wUl  be  on  anotiier  point  of  the  following  place  from  what 
the  preceding  place  was  from  it    Thus,  in  following  the 
shortest  route,  between  two  places  situated  out  of  the  equa- 
tor, and  under  different  meridians,  the  point  of  the  com- 
pass would  change  at  every  step.    This  is  demonstrated  by 
Fig.  ir,  where  PEp  represents  a  meridian,  £61  i  the  equa- 
tor, HLQ  a  parallel,  and  HIRi  the  great  circle  perpendicu- 
lar to  the  meridian  in  H.    We  perceive,  also,  that  all  the 
great  circles  perpendicular  to  the  same  meridian,  meet  in 
two  opposite  points  I  and  i,  which  are  the  poles  of  that  me- 
ridian.   These  great  circles  must,  therefore,  continually 

I  approach  each  other ;  and  it  is  only  in  a  very  small  space, 

on  each  side  of  the  meridian  PE  ji,  that  the  circles  IE  t  and 
IH  t  can  be  considered  as  parallel  with  each  oth<»* ;  and 
hence,  too,  it  can  only  be  in  a  small  extent  that  the  lines 

Lines  east  eost  and  wesU  or  the  perpendiculars  to  the  meridian,  can  be 

and  west,  considered  as  parallel.* 

As  the  great  circle  IHK,  perpendicular  to  the  meridian 
p*  EP,  cuts  the  other  meridians  under  angles  different  for 

^  See  afterwards  Proj'eetion  of  tht  JUdpffCaiiinu 
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each,  while  tbe  parallel  HLQ  meets  them  all  at  a  right   book 

angle,  it  is  evident  that,  in  going  from  the  point  H  to  the     ^^^* 

poiat  L  on  the  parallel,  we  turn  off  every  moment  from  " 

the  direction  we  at  first  followed,  to  place  ourselves  at  a 

right  angle  with  the  different  meridians  we  cut,  and  which 

all  unite  at  the  pole  P.     We  cannot,  therefore,  trace  on 

tiie  terrestrial  surface  a  parallel  to  the  equator,  or  advance 

directly  either  east  or  wesU  but  by  means  of  a  compass,  or 

still  more  exactly,  by  determining  the  meridian  from  place 

to  place,  and  keeping  one's  self  always  in  the  same  lati- 

tode. 

This  difference  between  the  points  east  and  west  of  the  Navisa- 
globe,  and  those  of  each  place  in  particular,  has  an  influ-  '°"*** 
ence  on  navigattoli  and  on  maritime  charts.  The  naviga- 
tor endeavours,  as  much  as  possible,  to  sail  on  the  same 
point  of  the  compass,  at  least  for  a  certain  time,  otherwise 
he  cannot  know  where  he  directs  his  course.  Moreover,  he 
must  first  direct  his  course  so  as  to  reach  the  spot  he  wishes 
to  go  to ;  and  secondly,  he  should  go  by  the  shortest  way 
possible.  If  a  vessel  sails  always  east  and  west  under  the 
<^uator,  its  route  will  be  an  arch  of  the  equator,  and  con- 
sequently the  shortest  road  between  two  places  situated  un- 
der the  equator.  If  a  vessel  be  directed  constantly  north  or 
south,  it  will  describe  an  arc  of  the  meridian,  and  at  the 
same  time  the  shortest  road  between  the  place  of  departure 
and  that  of  arrival.  If  a  vessel,  out  of  the  equator,  sails 
constantly  east  or  west,  it  will  describe  a  parallel  to  the 
equator.  Therefore,  if  the  place  of  its  destination  is  to  the 
east  or  west  of  that  of  departure,  and  under  the  same  paral- 
lel, the  vessel  would  arrive  there  indeed,  by  sailing  always 
on  the  same  point  of  the  compass,  but  sometimes  by  a  very 
tedious  course. 

If,  on  the  contrary,  a  vessel  is  directed  constantly  to- 
wards the  same  point  of  the  compass,  that  point  not  being 
one  of  the  four  cardinal  points,  it  will  describe  on  the  globe 
a  euroe,  nvhich  does  not  return  into  itself,  but  which  is  in- 
iifiwUly  prolonged  in  a  spiral  mannery  always  approach^  Uixodx^ 
^  the  pkcy  without  ever  reaching  it.    The  loxodromic  line  "'^  ""•• 
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BOOK    maj  be  also  defined  to  be,  a  species  of  logaritinnic  spiral, 
m*     described  on  the  surface  of  the  sphere,  having  die  meridians 
—  for  its  radii. 

This  line  was  discovered  by  Nonnius,  a  Portuguese  ma- 
tliematician,  who  was  asked  by  a  navigator  what  was  the 
cause  of  a  phenomenon,  which  undoubtedly  would  astonish 
those  who  had  not  read  what  we  have  just  mentioned.  It 
is  asked,  xDhy  going  eanstantly  im  the  paint  ea$t  to  readi  a 
place  really  rituated  to  the  east  of  anotherf  (^fty  the  ahorteit 
route^J  one  never  gets  there^  friif,  on  the  contrary^  always  gets 
the  farther  from  it?  The  reason  is,  that  by  always  following 
the  same  point  of  the  compass  out  of  the  equator,  and  chang- 
ing the  meridian,  we  do  not  describe  the  arc  of  the  great 
circle  which  measures  the  distance  of  two  places,  but  a 
spiral  or  loxodromic  curve,  which  will  never  pass  by  the 
spot  required. 

It  is  necessary  to  go  on  the  loxodromic  curve  which  passes 
by  both  places,  or  on  a  line  which  cuts  the  intermediate  me- 
ridians under  an  angle  equal  to  the  angle  of  inclination  d 
the  loxodromic  curve  which  passes  by  the  two  places.* 
Measure  of  There  are  two  points  on  the  globe  where  there  is  neiflier 
of* he ''^^^ ^^*  nor  west;  these  are  the  two  poles.  The  globe  may 
Clobe.  also  be  considered  with  respect  to  the  extent  of  its  surface. 
We  have  seen,  that  it  is  16,501,200  square  marine  leagues, 
supposing  the  earth  a  sphere.  If  we  wish  to  know  tbe  ex- 
tent of  any  zone  whatever  contained  between  two  parallel 
circles,  geometry  teaches  us,  that  the  surface  of  a  spherical 
zone  is  to  the  area  of  the  sphere  as  the  distance  of  the  pa- 
rallels which  bound  it  is  to  the  diameter;  and  this  dis- 
tance answers  on  the  diameter  to  the  difference  of  the 
aines  of  the  latitudes  of  each  parallel,  as  is  seen  on  Fig.  6. 
by  the  line  CR,  difference  between  CP  and  KP.  If^  for 
example,  we  wish  to  estimate  the  zone  comprised  between 

*  Manpertuis,  Discouri  sur  la  Parallaxe  de  la  Lune,  8,  12, 13, 14.  Mem* 
de  I'Acad.  dei  Scien.  1754,  Vareniua,  cb.  39,  &c.  Pubourftuet,  Traiti  de 
Navigation, 
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the  481ii  and  49t]i  parallels^  and  in  which  are  Paris  asd    book 
its  enviroiUf  we  say,  '^^ 

The  sine  of  49**  being  0,755  — — 

That  of        48  0,743 


The  difference  •    .    0,012 
Bedaced  to  half  0,006,  shows  us  that  this  zone  contains 
^  ifn*  or  -g^  of  the  total  area  of  the  globe;  which  being 
estiiiiated  at  16,501,200  square  leagues,  we  conclude  that 
(he  zone  contains  99,007  square  leagues* 

With  this  datum,  we  shall  easily  calculate  the  extent  of 
each  space  comprised  between  two  parallels  and  two  given 
meridians ;  it  is  necessarily  in  the  same  relation  to  the  en- 
tire zone,  as  the  difierence  of  loAgitude  of  the  two  ftieridi- 
ans  is  to  the  entire  circumference :  we  find  consequently 
Ihe  Talue  of  the  quadrilateral  bounded  by  two  meridians 
aikfree  distant,  and  by  the  48th  and  49th  parallels,  by- 
taking  the  d60th  part  of  the  number  99007,  which  indi* 
cates  the  total  area  of  the  zone.  This  quadrilateral  is  about 
275  8cpiare  leagues. 

As  all  maps  are  divided  by  the  meridians  and  parallels  utility  of 
into  quadrilaterals,  which  have  commonly  1,  5,  or  10  de- JJ^PJJ^f 
grees,  it  is  plain  that  a  similar  calculation  for  each  zone  lattons. 
and  each«quailrilateral,  comprising  a  degree  of  longitude  and 
ad^^ree  of  latitude,  would  give  a  series  of  results,  by  the 
help  of  which  one  might  estimate  almost  directly,  either  on 
the  globe  or  on  maps,  the  extent  of  each  terrestrial  region. 

We  should  only  have  to  examine  how  many  quadrila- 
terals, of  an  equal  value  in  degrees,  were  inscribed  or  cir- 
camscribed  in  the  figure  of  the  country  we  wish  to  mea- 
sare,  take  the  value  in  square  leagues  from  the  table,  and 
then  estimate  that  of  the  strips  which  might  happen  to  fall 
wtof  the  limits  of  these  quadrilaterals.  By  these  means, 
l»orrowed  from  spherical  trigonometry,  we  should  avoid  the 
^^iTOTs  which  almost  necessarily  happen  when  we  wish  to 
make  use  of  the  icqle  of  a  common  map  for  measuring,  ac* 
cording  to  the  rules  of  plane  trigonometry,  the  square  sur- 
face of  the  different  regions  of  the  earth.    Maps  which  re- 
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BOOK    present  a  spherical  surface  on  a  plane  surface,  inevitably 
III.     g|ye  the  spaces  too  large  or  too  small  either  in  the  centre 
'  or  the  circumference.    Their  gcales  or  modules  of  measure 

cannot  be  applied  uniformly  to  their  surface. 

A  German  geometer*  has  calculated  from  these  princi- 
plesy  tables  of  the  square  surfa:e  of  the  %oneSf  of  which  we 
shall  insert  a  translation  at  the  end  of  this  work.  We  shall 
now  showi  by  an  example,  the  use  of  these  calculations. 

The  state  of  Pennsylvania  is  limited  to  the  north  by  the 
parallel  of  42%  and  to  the  south  by  the  parallel  of  sg''  43' 
25" ;  it  extends,  in  the  direction  of  the  longitudes,  from  2* 
east  (of  Washington,)  to  356^  S7'  SO"  west  There  is  to  the 
north  only  a  small  triangle  towards  the  lake  Erie,  and  a 
strip  comprised  in  the  bend  of  the  Delaware,  which  extend 
beyond  this  figure ;  but  as  the  surfaces  to  be  added  are  very 
nearly  balanced  by  the  comers  of  the  neighbouring  states 
which  enter  into  the  quadrilateral,  it  may  be  considered 
as  equal  to  the  total  surface  of  Pennsylvania.  Now  the  four 
zones  from  40^  to  40°  30%  from  thence  to  4 1**  to  41' 
30%  and  to  42%  should,  according  to  the  tables,  have  a 
surface  of  217,345,077  square  leagues,  20  to  a  degree. 
But  the  zone  between  39*^  43'  25'',  and  40%  is  only  16' 
35"  in  breadth.  We  must  multiply,  therefore,  the  surface 
of  the  entire  zone  of  half  a  degree,  which,  according  to  the 

16°  35'  995" 

tables,  is  =  55312  square  leagues,  by  — 5o~'^T800^' 

Which  gives  for  the  surface  of  this  small  zone  30599.11 
square  leagues;  a  sum  which,  added  to  that  of  tlie  four 
zones  of  half  degrees,  forms  a  total  of  24794.88  square 
leagues  for  the  surface  of  the  whole  terrestrial  zone  com- 
prised between  the  latitudes  39°  43'  25 '  and  40%  Now, 
Pennsylvania  only  occupying  on  this  zone  5**  21'  30"  of 
longitude,  the  area  of  the  entire  zone  is  to  that  of  Pennsyl- 
vania as  360"  to  5**  21'  30%  or  as  1,296,000  to  19,290: 

*  Kliigel,  A  on  u aire  A^trooonl.  de  Berlin,  pour  TAn,  1774,  p.  173.  Coinp« 
Mayer,  Introd.  Comi)Ute  k  TArt  de  Tracer  des  Carles  Gfographiques,  &c. 
p.  192.  (en  All.) 
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iriuch  gives  for  the  surface  of  Pennsylvania  3690.48  square    book 
leagnesy  of  20  to  a  degree*    It  is  evident,  that  this  calcula^     ^^^* 
tion  might  be  abiidged,  if  we  knew,  by  the  tables,  what  is  ' 

tte  surface  of  a  quadrilateral  comprised  between  two  meri- 
dians and  two  paraljels,  distant  each  by  one  degree,  or  half 
a  iefpne :  tiiese  quadrilaterals  being  counted,  a  simple  mul- 
tiplication would  give  the  result  required,  allowance  being 
made  for  the  value  of  the  incomplete  quadrilaterals,  which 
is  eaaUy  estimated. 

Geometers  will  perceive,  that  these  valuations  are  rigo-  Remark  o^ 
lOQsly  exact,  only  on  the  supposition  of  the  earth  being  cJirtionsr 
^kerical.  The  inequality  of  the  degrees,  which  results 
from  the  ellipticity  of  the  earth,  occasions  a  slight  differ- 
ence between  the  area  of  a  zone  taken  on  a  spheroid,  and 
another  taken  on  a  sphere.  But  this  difference,  which  de- 
pends on  the  quantity  of  the  total  depression  of  the  globe,  is 
v^  insensible,  and  amounts  on  a  zone  of  100,000  square 
leagues,  under  a  mean  latitude,  only  to  2  or  300  square 
leagues  at  most.  Moreover,  the  geometers  who  have  pro- 
posed algebraic  formulae  to  calculate  the  surface  of  the 
z(Hies  of  the  ellipsoid,  and  who  have  promised  to  publish 
tables  calculated  according  to  those  formula,*  are  of  opi- 
nion that  the  irregularities  of  the  terrestrial  spheroid  are 
not  yet  sufficiently  known  to  be  determined  exactly. 

We  have  considered  the  globe  under  its  principal  geome-  Divers 
trical  relations,  and  it  remains  for  us,  according  to  the  an-  revived  by 
dent  custom  of  geographers,  to  shew  how  vai*ioos  element-  ^he  globe. 
ary  questions  are  resolved  by  means  of  the  artificial  globe. 
But  our  readers  are  aware,  that  exact  solutions  of  these 
problems  can  only  be  found  by  calculation;  and  besides, 
fte  questions  ^commonly  solved  by  the  globe,  are  mostly 
either  too  vague  or  too  foreign  to  geography  to  deserve  any 
mention  in  this  work.    We  shall  confine  ourselves  to  some 
short  indications. 

To  find  on  the  artificial  globe  the  latitude  of  any  terres-  To  liiui 

geographi- 

•  -^     -     .  cal  posi- 

*  De  Zach.   Correspond,  i,  181—184.     Pasquicb,  ibid.  443 ;  ix.  301—308.  tions. 

Comp.     Klugel,  Annuaire  Astron.  Berlin,  1790,  p.  243,  tqq. 
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BOOK  trial  placOf  the  globe  miiat  be  made  to  tarn  romid  its  im- 
lu.  moveable  axis  till  the  fixed  meridian  be  brought  on  tiiat 
-  place ;  and  the  degree  marked  on  the  meridian  at  that  point 
will  give  the  latitude  of  the  place.  The  longitude  ct  tiie 
same  place  will  then  be  found  on  the  equator^  at  the  point 
"where  fliis  circle  passes  under  the  meridian.  If  we  wish, 
OB  the  contrary,  to  determine  the  position  of  a  place,  the 
longitude  and  latitude  of  which  are  known,  we  have  only 
to  make  the  point  of  the  equator,  which  is  at  the  given  lon- 
gitude, pass  under  the  meridian,  and,  taking  on  the  meridian 
the  same  latitude,  we  shall  have  the  geographical  position 
of  the  place. 

The  dial,  which  is  commonly  adapted  to  the  north  pole 
of  the  globe,  serves  to  shew  the  hour  in  one  part  of  the 
earth  when  it  is  noon  in  another ;  for,  by  placing  flie  latter 
under  the  meridian,  after  having  fixed  at  noon  the  needle  of 
the  dial,  and  making  the  globe  turn  till  the  meridian  is  on 
the  place,  the  hour  of  which  is  required,  the  needle  will  indi- 
cate on  the  dial  the  hour  wanted :  it  is  afternoon  if  the  globe 
has  been  turned  to  the  east^  and  forenoon  if  it  has  been 
turned  to  the  west 
To  find  tht     If  we  wish  to  know  the  length  of  the  longest  day  for  all 
tfat%7^.    the  points  of  a  hemisphere,  the  northern,  for  example,  we 
must  place  the  meridian,  so  that  the  border  of  the  arctic 
polar  circle  touches  the  horizon  of  the  globe :  tiiis  horizon 
will  then  be  confounded  with  the  circle  of  illuminati<»u    If 
we  bring  into  the  meridian  any  point  whatever  of  the  pro- 
posed hemisphere,  and  then  fix  iJie  needle  of  the  polar  dial 
at  twelve,  and  make  the  globe  turn  towards  the  east  till  Ae 
point  marked  enters  into  the  horizon,  the  needle  will  stop 
at  the  hour  at  which  this  point  passes  from  the  enlightened  • 
to  the  obscure  part    The  number  of  hours  gone  over  on  the 
dial  will  be  the  half  of  the  duration  of  the  day  required* 
By  placing  the  pole  nearer  the  horizon,  we  shall  give  this 
circle  the  position  which  the  circle  of  illumination  takes  in 
the  times  which  precede  and  follow  the  solsticesf,  and  we 
shall  find,  as  above,  the  length  of  the  day  in  each  coun- 
try.   In  this  position  of  the  globe,  all  the  points  which  are 
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at  tbe  same  time  on  the  wedtern  border  of  tlie  horizou,  are   book 
those  which  see  tbe  8un  rise  at  the  same  moment  that  those     ^''* 
on  the  eastern  border  see  it  set  — — — . 

The  dhrectioBS  of  the  winds  with  respect  to  the  meridian  To  find  the 
litte»  and  the  names  assigned  to  them,  are  generally  mark^^M  ririog 
ed  on  tbe  horizon.    By  this  means  we  may  ascertain  and  Mttine 
tbe  position  of  a  place  with  respect  to  the  sun,  at  the*'    ^'^^ 
momefit  when  it  appears  to  rise  or  set,  by  observing  on 
what  point  of  the  horizon  the  given  place  passes  from 
tlie  ohflcure  to  tiie  enlightened  part»  or  from  this  into  tbe 
other.    The  globe,  thus  turned,  affords  the  means  of  repre^ 
sBBting  physically  all  the  phenomena  of  the  annual  motion 
of  the  eartii.    It  is  snfficient  to  put  in  a  dark  room  a  globe 
with  a  tuff^f  which  answers  perpendicularly  to  the  centre 
•f  the  horizon,  and  at  a  pretty  considerable  distance  rela- 
tireiy  to  the  diameter  of  the  globe  |  we  shall  tiien  obtain 
the  same  phenomena  as  the  sun  produces  during  the  ro-» 
tition  of  the  earth,  according  to  the  different  positions 
which  the  axis  of  the  earth  takes  with  respect  to  that  lu- 
minary.* 

The  distance  of  two  places  is  measured  by  placing  one  ^^^  ^^. 
of  those  points  on  the  meridian  then  bringing  above  it  the  sure  die- 
fiitore  of  the  circle  of  heights,  and  making  this  arc  of  a  ^"^*'* 
circle  turn  round  its  fixture  till  it  passes  by  the  other  point 
proposed.    The  number  of  degrees  and  parts  of  degrees 
Buuked  at  this  pmnt  being  reduced  into  itinerary  measures, 
will  give  the  distance  required. 

If  we  wish  to  know  on  what  line  one  of  these  places  is  ^^  ^^^y 
sitttated  with  respect  to  tiie  meridian  of  the  other,  we  must  ^«  ftiobe. 
first  place  the  globe  so  that  the  second  point  may  answer  to 
tho  centre  of  the  horizon,  that  is  to  say,  we  must  rectifif  the 
globe  for  that  point  This  is  done  by  taking  its  latitude,  and 
making  the  meridian  move  in  its  encastremewt  with  the  ho- 
rizon, till  the  elevation  of  the  nearest  pole  is  equal  to  this 
htttwie.  The  horizon  is  then,  with  respect  to  the  globe, 
in  the  position  which  the  rational  horizon  of  the  place  pro- 

^  Keil,  Inetitut.  Attroo.  p.  89. 
TOL.  I.  6 
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BOOK    posed,  occupies  on  tlie  earth.    The  globe  being  tbus  rectifi- 
m*     ed,  the  fixture  of  the  circle  of  heights  is  brought  back  on  the 
'"■""'""^  place  in  question,  and  is  afterwards  made  to  pass  by  the 
first  point    The  number  of  degrees  and  parts  of  degrees 
comprised  on  the  horizon,  are  then  counted  from  the  circle 
of  heights  to  the  meridian,  either  on  the  north  or  south  side, 
and  we  have  the  measure  of  the  angle  formed  with  the 
meridian  by  the  arc  of  the  great  circle  which  joins*  by  the 
shortest  way,  the  two  points  proposed. 
Another         ^^^  problem  of  finding  the  duration  of  the  longest  day 
find^h^  ^^  ^^^  ^"^  place,  may  also  be  resolved  by  substituting  the  ra- 
length  of    tional  horizon  of  the  place  for  the  circle  of  illumination. 
the  day.     p^p  ^|jjg  purposo  the  globe  must  be  rectified  for  the  place 
in  question,  and  be  placed  in  the  meridian,  the  needle  of 
the  polar  dial  must  be  placed  at  XII.  and  then  the  dcf^e 
on  which  the  declination  of  the  sun  at  the  proposed  mo- 
ment falls,  being  marked,  the  globe  must  be  turned  till  the 
point  which  corresponded  to  that  degree  of  the  meridian  is 
in  the  horizon.    The  number  of  hours  which  the  needle 
has  passed  over  the  dial,  will  be  the  number  of  those  which 
elapse  between  the  passage  of  the  sun  to  the  meridian,  and 
its  rising  or  setting.     It  is  plain  that  the  point  taken  under 
the  meridian,  at  the  same  distance  fi-om  the  equator  as  the 
sun,  goes  over  on  the  globe  the  same  route  as  that  lumi- 
nary.   The  same  process  would  make  known  the  time  that 
would  elapse,  in  any  place  whatever,  between  the  passage 
to  the  meridian,  and  the  rising  or  setting  of  a  heavenly 
body,  whose  declination  is  given ;  only  the  point  that  an- 
swers to  this  declination  must  be  marked  on  the  meridian. 
To  determine  the  duration  of  twilight,  we  must  trace, 
by  means  of  the  circle   of  heights,   18"  below  the  hori- 
zon, a  circle  parallel  to  it,  and  determine  the  instant  when 
the  point  taken  on  the  globe  to  represent  the  sun,  reaches 
that  circle. 
New  con-      All  these  problems  would  be  moi-e  easily  explained  if 
giobet.**°°^®'"*  globes  were  constructed  after  the  new  method  proposed 
in  part  by  G.  Adams,*  but  executed  and  perfected  by 

*  O,  Adamty  Treatise  desciibiog  the  construction  and  use  of  new  Celestiai 
and  Terrestrial  Globes,  Lond.  176G. 
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Covens.*    Our  readers  will  be  able  to  judge  of  it  from  Fig.    book 
18,  of  which  we  will  give  a  short  explanation.    The  great     '"• 
circular  support  ABCt  which  in  common  globes  represents  " 

the  horizon,  here  represents  the  ecliptic.  On  this  broad 
band  are  two  divisions,  consecrated,  one  to  the  motions  of 
die  svn,  the  other  to  those  of  the  moon.  In  the  first  we 
observe  a  subdivision  indicating  the  365  days  of  the  com- 
mon year,  and  another  for  leap  year.  A  small  artificial  sun 
moves  at  will  on  the  ecliptic.  The  exterior  division  of  the 
ecliptic  shows  the  longitude  and  latitude  of  the  moon  for 
each  day  of  her  age.  The  gi^eat  brass  cirde  PNM,  per- 
pendicular to  the  ecliptic,  is  a  meridian  circle,  and  especial- 
ly the  colure  of  the  solstices.  The  axis  of  the  terrestrial 
globe  is  fixed  in  this  circle  at  the  points  FK,  and  inclined 
on  the  ecliptic  under  an  angle  of  66**  32'.  In  the  poles  of 
the  ecliptic  at  the  points  L  and  G,  rise  two  pins  which 
bear  a  circle  of  celestial  latitude.  To  this  moveable  circle 
are  attached  two  stars,  also  moveable,  and  which  can  be 
placed  under  any  celestial  latitude  or  longitude  we  please. 
The  semicircle  FOPI,  is  the  half  of  a  circle  of  declination. 
CBD  is  the  celestial  equator,  which  forms  with  the  ecliptic 
an  angle  of  23%  28'.  These  are  the  celestial  circles  which 
do  not  turn  with  the  globe,  and  which  represent,  as  it  were, 
an  abridgment  of  the  armillary  sphere.  On  the  globe  it* 
self,  is  a  moveable  semi-meridian  RTQ.  It  is  divided  into 
degrees,  counted  on  one  side  from  the  pole  to  the  equator, 
and  on  the  other  in  the  inverse  order.  A  great  circle, 
YSW,  is  so  fixed  as  constantly  to  preserve  a  perpendicular 
position  on  the  meridian  RTQ,  at  the  same  time  that  it  may 
be  made  to  coincide  therewith ;  it  serves  to  represent  the  ra- 
tional horizon  of  any  place  whatever.  Almost  on  the  globe 
itself,  in  the  plane  of  the  equator,  is  a  horary  circle  XYZ, 
attached  to  the  meridian.  The  moveable  sun  performs  the 
functions  of  the  needle  in  the  common  globes. 
It  is  easy  to  conceive  the  advantages  of  this  new  con^ 

*  Covens,  Haoleidung,  &c.  (Introd,  &  la  Connaissance  des  nouveaux  globes, 
kc)  Amsterd.  1802.  Comp.  Van  Beck-Calkoen,  in  Zach.  Corrcfpond.  xiv. 
270. 
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BOOK    struction.    In  the  first  place,  it  gives  a  mucii  clearer  idea 
^^^*     of  tlie  horizon,  as  being  a  circle  independent  of  the  motion  of 
"  the  earth.    To  rectify  the  globe,  or  to  place  it  at  the  height 

of  the  pole  of  a  place,  it  is  sufficient  to  bring  the  proposed 
place  under  the  meridian  RT.Q,  and  then  to  push  the  hori- 
zon YSW  to  a  distance  of  90  degrees.  On  this  globe  the 
celestial  circles  are  better  distinguished  from  the  terres- 
trial;* the  annual  motion  of  the  sun  is  better  represented; 
in  short,  students  will  derive,  from  the  study  of  such  a 
globe,  more  precise  ideas  of  the  relations  of  our  planet  with 
the  heavenly  bodies  which  surround  it. 
Hiitoricai  We  might  here  indulge  in  a  historical  digression  on  the 
Giobis*  °"  successive  improvements  in  the  construction  of  globes,  from 
tiiat  of  Rogerk,  immortalized  by  the  commentary  of  Edrisi, 
down  to  the  time  of  Blaeuw  and  Coronelli,  who  first  made 
globes  of  elegant  forms  and  considerable  dimensions.  We 
might  investigate  the  origin  of  these  instruments  which 
were  known  to  the  ancients ;  inquire  whether  Atlas  was  the 
inventor  of  them,  and  whether  the  two  famous  capitals  of  the 
temple  of  Solomon*  were  a  pair  of  globes; — whether  Albert 
Durer,  or  Henry  Olarean,  first  taught  the  art  of  drawing  and 
engraving  spherical  segments,  and  of  pasting  them  on  a  ballif 
we  might  shew  that  the  means  of  multiplying  globes  by  en- 
graving must  have  been  generally  known  in  1530,  since  the 
cosmography  of  Gemma  Phrysius  was  accompanied  by  a 
similar  instrument,  as  our  modem  books  are  with  an  atlas  ;t 
— and  finally,  we  might  be  allowed,  perhaps,  to  describe  the 
most  famous  terrestrial  globes,  such  as  that  of  Coronelli, 
framed  at  the  expense  of  the  Cardinal  d'Estrees,  and  placed 
first  at  Marly,  then  in  the  king's  library  at  Paris  ;$  that  of 
Gottorp,  composed  by  Olearius  between  1654  and  1664,  and 

•  Fabricii,  Bibl.  Greca,  lib.  iv.  c.  14.  p.  464.  Hauber,  Hist.  Dei  Cartes 
Geog.  57,  and  Suppleni.  38,  (en  Alleinand.) 

t  Zach,  Corresp.  xiii.  (1806,)  156.  Glaroauu?;  De  Geogr,  c.  19.  1517. 
Vaugondy,  Geogr.  Institut.  p.  359. 

%  Gemma  Phrysius,  De  Prin.  Astron.  et  Cosmogr.*  deque  usi  Globi,  1530. 
On  the  title  :  VetuuiU  cum  globis  ;  Lovanii,  &c. 

t  Dc  la  Hire,  Descript.  Us  G lubes  dc  INIarly,  1703. 
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which  Peter  the  Great  brought  in  a  frigate,  to  adorn  his    book 
Bcw  capital;  that  of  Cambridge,  which  is  18  feet  in  diame-     ^^^' 
twv  being  six  feet  more  than  any  of  the  preceding ;  and  many  — — 
others,  celebrated  for  their  size  or  magnificence.    But  these 
historical  researches  would  lead  us  too  much  from  our  sub- 
ject.   We  shall  only  remark,  that  the  copper  globe  placed 
in  the  library  of  the  Institute,  tliough  incomplete  with  res- 
pect to  modern  discoveries,  leaves  all  other  great  globes 
very  far  behind  in  the  beauty  of  its  execution.    Bonaparte 
had  one  made,  now  in  the  Thuilleries,  which  does  great 
hoBoar  to  MM.  Poirson  and  Mentelle. 

Among  the  globes  that  come  into  the  market,  we  distin- 
guish those  of  Lapic  and  Poirson  at  Paris,  made  of  a  ho- 
mogeneous mass  of  papier  machi.  Those  of  Sotzmann, 
pablished  by  Frantz  at  Nuremberg,  are  also  esteemed,  as 
wdl  as  those  of  Caiy  and  Jones  of  London. 

Besides  armillary  spheres  and  artificial  globes,  there  are 
two  other  instruments  of  which  the  use  may  be  recommend- 
ed to  young  persons.  One  is  the  planisphere  of  Fortin, 
which  represents  the  true  planetary  system  in  a  new  and 
Bore  perfect  manner;  one  can  even  perceive  in  it  the  ellip- 
tidty  <rf  the  orbit  of  the  earth.  The  other  is  the  geocydic 
marine  of  Loysel,  calculated  to  demonstrate  the  motion  of 
tibe  earth.  The  use  of  it  is  explained  in  Mentelle's  Ele- 
mentary Cosmography.  A  taste  for  study  should  be  exci- 
cited  in  yonth  by  this  sort  of  scientific  sports ;  but  to  ex- 
pect a  detailed  description  of  them  here,  would  be  to  ap- 
preciate bnt  imperfectly  the  object  of  our  work. 
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BOOK  IV. 

Continuation  of  the  Theory  of  Geography.  Of  Geographical 
Maps.  Of  the  Stereographic,  Orthographic^  and  Central 
Projection. 

Large  globes  are  costly  and  inconvenient  instruments; 
small  ones  do  not  exhibit  sufficient  details.  It  became  ne- 
cessary, therefore,  to  have  recourse  to  pictures,  whicbf  on 
a  plane  surface,  might  give  a  representation  of  the  globe 
and  its  pai*ts.  These  representations  embrace  either  the 
whole  earth,  or  a  part  of  the  world,  or  a  single  country. 
torti  of  ge- 1°  ^^^  fii^t  ^^^^  th^y  &i^  called  maps  of  the  world,  and 
ographicBi  when  they  have  a  circular  form,  planispheres  ;  those  of  the 
second  class  are  called  general  maps ;  the  c^era  are  ^- 
cial  maps.  Among  the  special  maps,  some  represent  a  pro- 
vince on  a  large  scale,  with  all  its  remarkable  places ;  these 
are  chorographic  maps.  If  the  designer  has  entered  into 
all  the  details  of  the  nature  of  the  ground,  or  has  even 
traced  out  insulated  habitations,  and  the  direction  of  roads 
and  rivers,  they  are  topographical  maps.  It  is  plain  that 
these  sort  of  maps  must  necessarily  embrace  a  small  dis- 
trict, and  approach  insensibly  to  geometric  plans.  Custom 
sometimes  confounds  these  denominations.  Geographical 
maps,  properly  so  called,  are  also  disting^bed  from  those 
that  are  appropriated  to  a  particular  use ;  such  are  hydro- 
graphic  chartSf  destined  for  mariners,  ntinfrologrical  maps, 
and  others.* 

The  figure  of  the  earth  prevents  the  possibility  of  giving 
a  general  picture,  in  which  the  distances  of  places,  and  the 

*  Mayer*f  Complete  Introduction  to  the  Art  of  Traciog  Geographic,  Hy- 
drographic,  and  Celestial  Maps,  &c.  Eriang,  1794,  (in  German.)  PuissariC, 
Trait*  de  Topog.  b.  ii.  p.  92—152.  Comp.  Rob.  Vaugoiidy,  Instit.  Geograph. 
part  ii.  d:c. 


MATHEMATICAX  GEOGBAFHT.  87 

relative  extent  of  regions,  might  be  preserved  in  their  mu-    book 
tnal  relations.    There  are  curved  surfaces*  which  can  be       ^^' 
extended  on  a  plane  without  rent  or  duplication,  and  which 
for  this  reason  are  called   drodopable  surfaces ;  such  are  Deveiopa- 
those  of  cones  and  cylinders :  but  others,  like  those  of  the  clV"^^^ 
sphere  and  spheroids,  cannot  be  so  extended.    The  earth  be- 
ing a  spheroid,  its  surface  cannot  coincide  rigorously  with 
a  plane ;  and  thence  results  the  impossibility  of  marking 
on  a  map,  at  the  same  time,  and  in  their  natural  relations, 
tbe^extent  of  countries,  the  distances  of  places,   and   the 
similitude  of  configurations.     Geographers  are  obliged  to 
have  recourse  to  various  constructions,  to  represent,  at  least 
in  an  approximative  manner,  each  of  these  relations  in  par- 
ticular. 

These  constructions  have  received  the  name  of  j;ro/ec-Ofprojec- 
tions;  a  name  applied  in  general  to  designs,  the  object  of  ^'°"'* 
which  is  to  indicate  on  a  plane  the  dimensions  of  the  sphere, 
and  of  the  bodies  it  contains.  They  are  of  two  kinds : 
some  are  real  perspectives  of  the  globe,  or  of  the  parts  of 
its  surface,  taken  from  different  points  qfvieWf  and  on  dif- 
ferent planes ;  the  others  are  only  a  kind  of  developments, 
nstraiiied  to  approximative  laws,  and  appropriated  to  the 
relatioDs  which  it  is  wished  to  preserve  in  preference.  It  is 
of  the  projections  in  perspective  that  we  shall  now  occupy 
oursdyes  in  this  Book.  Let  us  first  explain  the  general 
theory  of  projection,  as  well  as  it  can  be  done  Svithout  the 
help  of  the  higher  geometry.* 

Projection  in  the  language  of  perspective,  signifies  the 
representation  of  an  object  on  the  perspective  plane,  or  the 
^ne  of  the  picture.  For,  in  every  picture,  there  is  suppos- 
ed between  the  object  to  be  represented  and  the  point  of 
view,  a  plane  which  intercepts  all  the  rays  of  light  directed 
from  each  of  the  visible  objects  to  the  point  of  view.  Then  we 
conceive  a  multitude  of  points  of  intersection  of  tiiose  rays 

•  S«e  Euler,  Acta  Acad.  Petropol.  i.  p.  1.  Lagrange,  Mem.  de  TAcad, 
de  Berlin,  1779.  MoUeverde,  Analyse  de  la  Projeciion  Stereographique,  dans 
Zacb,  Correspond,  ziv,  437,  628,  et  seq. 
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with  tho  plane  of  the  picture.    The  aMemUage  of  tltese 
1^*     points  is  the  image  of  all  that  lies  under  the  view  of  tiie 
spectator.     Each  point  of  intersection  is  the  perspective 
of  the  point  whence  emanates  the  ray  of  light,  which  haTitig 
traversed  the  perspective  plane,  terminates  in  the  point  of 
*  view*    In  order  that  the  perspective  of  a  plane  fignre^  as  of 
a  square,  of  a  circle,  &c.  be  a  similar  figure,  two  things  are 
i*equisite ;  firnU  that  the  point  of  view  should  be  In  tiie  axis 
of  the  figure ;  secondly^  that  the  plane  of  the  picture  be  per- 
pendicular to  that  Bxxn.    If  the  plaile  to  be  repreeeatod  is 
in  another  more  perpendicular  to  tiiat  of  the  picture^  it  can 
only  be  represented  by  a  straight  line.    A  solid  cannot  be 
seen  entirely  in  a  single  point  of  view,  two  at  least  are  ne- 
cessary.   In  order  that  a  sphere  be  divided  into  two  equal 
surfaces  by  single  perapective,  tiie  point  of  view  must  bo  at 
an  infinite  distance.    The  straight  line,  drawn  from  the  cen- 
tre of  the  globe  to  the  point  of  view,  is  the  axis  of  the  great 
circle  which  separates  the  visible  hemiHpiiere  from  that  which 
is  not.    It  is  called  the  ciptieal  axis. 

The  projection  of  the  sphere  is  commonly  divided  into 
dfthographic  and  stereographic, 
Lawf  of         Orthographic  projection  is  that  where  the  surface  (rftbe 
phk^.'    sphere  is  ^presented  by  a  plane  which  cuts  it  through  the 
jictioD.      middle,  the  eye  being  placed  vertically  at  an  infinite  dis- 
tance from  tho  two  hemispheres.    Here  are  the  principal 
laws  of  this  projection  :*  l«f,  The  rays  by  which  the  eye 
sees  at  an  infinite  distance  are   paraUsi.    dd^  A  right 
line  perpendicular  to  the  plane  ot  projection,  is  pr^ected 
through  a  single  point,  which  is  that  where  this  line  cuts  the 
plane  of  projection.     Sdf  A  right  line  wldch  is  not  peipen- 
dicular  to  the  plane  of  projection,  but  parallel  or  oblique  to 
it,  is  projected  by  a  straight  line  terminated  by  perpendicn-' 
lars  brought  on  the  plane  of  its  extremities.    40,  The  pro« 
jection  of  tlie  line  is  tbe  greatest  possible  when  it  is  parallel 
to  the  plane  of  projection.    5(A,  Thence  it  follows  evident- 
ly, that  a  line  parallel  to  the  plane  of  projection  is  projected 

*  D^Alembertf  Encycl.  Method,  art.  Projeefion^ 


kfaliMihatiseqMdtoit;  bat  Aal^ifitisokKquetothe  >mk 
phM  of  projecticmy  it  is  projected  by  a  line  less  tiian  it  %tb,  ^^* 
Aphae  eorfacey  if  it  is  perpendicular  te  the  plane  of  pro-  — ~~ 
jidioiV  ig  projected  by  a  simple  straight  line;  and  this 
Btnight  line  ia  the  line  itself^  where  it  cots  the  jdane  of  pro« 
jeetiiNi.  7thf  Thence  it  is  evident^  tint  the  circle^  the  plane 
of  wMch  is  perpendicular  on  the  plane  of  projection^  and 
vUch  has  its  centre  on  that  plane»  ought  to  be  projected  by 
te  diameter  which  is  its  common  section  with  the  plane  ni 
irqeetion.  %(hj  It  is  also  evident,  that  an  arc  of  a  circle^ 
te  ttctremity  of  which  would  answer  perpndicnfaurly  to 
tte  centre  of  the  plane  of  profectiony  ought  to  be  {nnijected 
Ij  a  straight  line  equal  to  the  sine  of  that  arc,  and  that 
ite  complement  is  projected  by  a  line  which  is  simply  the 
msed  sine  of  that  arc*  Sth^  A  dnde,  parallel  to  tte 
plane  of  projection,  is  projected  by  a  circle  that  is  equal  to 
it;  and  a  circle  oblique  to  the  ^ne  of  projection  is  pro- 
jected ia  an  ellipsis. 

Stereographic  projection  is  that  where  the  sur&ce  of  the  Laws  of 
6flMre  is  represented  mi  t^e  plane  of  one  of  its  great  circles,  p^Yc^pf q!" 
the  eye  being  supposed  at  the  pole  of  that  circle.    lo  tiie  jection. 
atsRographic  projection  the  globe  is  considered  as  a  trans* 
parent  solid.    The  hemisphere  represented  is  that  which  is 
opposed  to  the  hemisphere  in  which  the  eye  is  supposed  to 
k;   Here  are  tiie  principal  laws  of  stereographic  projec* 
tien. 

lit,  l&very  great  circle,  passing  by  the  centre  of  the  eye, 
is  projected  in  a  straight  line.  £d,  A  circle  placed  perpen- 
dioiitfly  opposite  tbe  eye,  is  projected  by  a  similar  circle. 
H  A  drde  placed  obliquely  with  respect  to  the  eye^  is 
projected  by  another  cirde,  the  radius  of  which  increases  in 
fte  mfie  of  Ae  obliquity.  41ft,  If  a  great  circle  is  project- 
rfon  the  plane  of  another  great  cinde,  its  centre  will  be  on 
ttetiaoof  the  measures,  that  is  to  say,  on  the  ppojeotion  of 
fte  great  circle,  wUch  passes  through  the  eye,  and  wUch 
^  pevpeadicolar  to  Ae  cirde  to  be  projected,  and  to  Hm 
fbae  of  projection.  The  centre  of  the  projected  cirde  will 
k  distant  firom  the  centre  of  the  primitive  circle,  or  of  pro*. 
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jection,  by  the  quantity  of  the  tangent  of  its  elevation  above 
^'  the  primitive  plane,  or  the  plane  of  projection.  5tA,  A  small 
'— ~-"  circle  will  be  projected  through  another  circle,  the  diameter 
of  which  (if  the  circle  to  be  projected  surrounds  the  pole 
of  the  primitive  circle)  will  be  equal  to  the  sum  of  the 
semi-tangents  of  the  greatest  and  smallest  distance  from  the 
pole  of  the  primitive  circle,  these  tangents  being  taken  each 
in  the  line  of  the  measures  of  the  same  side  of  the  centre  of 
the  primitive  circle.  6thf  In  the  stereographic  projection, 
the  angles  which  the  circles  make  on  the  surface  of  the 
sphere  are  equal  to  the  angles  which  the  lines  of  their  re- 
spective projections  make  among  themselves  on  the  plane  of 
projection.* 

Setting  out  from  these  principles,  methods  have  been 
found  for  tracing  maps  of  the  world  according  to.eith<$r  of 
these  projections.! 
Three  ions     Three  sorts  of  stereograpMc  projections  are  in  common 
i^iT  ^^  •  !«*»  That  on  the  plane  of  the  equator,  called  pdaVf 
projec-      because  the  eye  is  supposed  to  be  at  one  of  the  poles.    Qdj 
tioM.        rj^^^  ^^  ^^  pj^^  ^j  ^  meridian,  commonly  that  of  the  Isle  of 
Ferro,  which  cuts  the  globe  into  two  hemispheres,  one  con- 
taining America  and  the  other  Europe,  Asia,  and  Africa. 
3d,  That  on  the  plane  of  the  horizon  of  any  place  whatever. 
Polar  pro-      Let  US  first  explain  the  method  of  tracing  the  polar  pro- 
jecUon.     jection.    Supposing  the  eye  at  one  of  the  poles,  the  picture 
will  be  itself  the  plane  of  the  equator;  the  meridians  will 
be  projected  by  the  straight  lines,  and  the  circles  parallel  to 
the  equator  by  concentric  circles. 
Tracing  of     The  meridians  are  traced  as  follows :  Let  AP.  fig-  19. 
Meridians.  \^  ^^  radius  representing  that  of  the  terrestrial  sphere,  and 
ABCD  one  of  the  great  circles  of  that  sphere.    The  centre 
P  being  taken  for  the  projection  of  the  optical  axis,  or  of 
the  point  of  view  placed  at  the  pole,  the  circumference 
ABCD  will  be  the  projection  of  the  equator.    But  as  the 
planes  of  the  meridians  all  cut  each  other  according  to  the 
axis  of  the  earth,  which  is  perpendicular  to  ABCD,  the 

*  D'Alembert,  loc.  cit. 

t  Puissant,  Topographie,  117,  sqq. 
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jHvjectioii  of  llie  first  meridian  may  be  represented  by  any 

diameter  whatever ;  for  example,  by  AB.    Now,  if  we  di-      ^* 

\ide  the  semi-circumference  ACB  into  20  equal  parts  and  if,  — — 

throogh  all  the  points  of  division,  we  carry  diameters  such 

as(l)  (30),  (2)  (40),  and  so  on,  they  will  be  the  projections 

of  the  meridians  corresponding  with  the  longitudes  A  (1), 

A  (2);  the  difference  of  longitude  of  the  two  meridians, 

traced  in  this  way,  will  be  10  degrees,  new  French  mea- 

sore,  or  9,  ancient,  since  the  arc  AC,  whicii  is  the  quadrant^ 

and  equal  to  100  new  degrees,  or  90  ancient,  is  divided  into 

10  equal  parts. 

To  obtain  the  projection  of  the  parallels  to  the  equator.  Tracing  of 
spaced  from  10  to  10  degrees,  we  must  raise  the  diameter  jefs.^"^ ' 
CD  perpendicular  to  AB,  and  draw  the  straight  lines  D  (1), 
D  (£),  D  (S),  and  the  following,  which  will  cut  the  diame- 
ter AB  at  the  points  d'  d"  d"\  and  so  on.  Then,  by  mak- 
ing the  radii  Pd'  Pd'\  turn  round  the  point  P,  as  the  com- 
mon centre,  the  circles  will  be  described  which  are  the  re- 
quired projections.  In  this  method  D  is  taken  for  a  point 
of  view,  and  the  points  d'  d"  d'"^  are  the  stereographic  pro- 
jections of  the  corresponding  points  (1)  (2)  (3),  belonging  to 
tiie  parallels  of  the  lOtb,  20th,  SOth  degrees ;  for  if  we  con- 
oeive  that  the  circle  ABCD,  turns  round  the  diameter  AB, 
tilt^  it  makes  a  right  angle  with  the  plane  of  the  figure,  the 
radios  PD  will  be  perpendicular  to  this  plane,  the  point  C 
will  he  the  pole  opposed  to  the  point  of  view  D,  and  the 
circles  A  (1),  A  (2),  &c.  will  be  the  respective  latitudes  of 
the  parallels  to  the  equator ;  consequently  the  traces  A,  d' 
<t"»fcc.  of  the  visual  rays  DA,  D  (1),  D  (2),  will  represent 
on  the  perspective  plane,  the  points  A  (1)  and  (2). 

Let  us  pass  to  the  stereographic  projection  on  a  meridian.  Equatorial 
In  this  method,  the  point  of  view,  always  placed  in  the  P'oi«c^»on»^ 
centre  of  the  hemisphere,  opposed  to  that  which  is  to  bendian. 
represented,  is  on  the  circumference  of  the  equator,  and 
tiie  projection  of  this  great  circle  is  a  straight  line  perpen- 
dicular to  the  axis  of  the  poles  of  the  earth. 

The  meridians  are  projected  in  the  manner  we  shall  now  Tracing  of 
indicate,  by  making  use  of  Fig.  20.    Let  AB  be  the  pro-  ^^^  "«"^>- 
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jectim  of  flie  eqvator,  PP',  the  axis  of  the  earth,  and  C  the 
centre  of  the  massy  or  the  projection  of  the  point  of  view 
'  on  tiie  picture,  on  ^tba  plane  of  the  meridian  APBP',  the 
meridiaa  we  shall  consider  here  as  the  first.  All  the  meri- 
dians having  PP'  for  their  common  section,  and  their  pro- 
jections heing  circles,  the  circnmferences  of  which  neces- 
aarily  pass  through  P  and  P,  it  follows  that  their  centres 
an  on  the  right  line  AB.  Let  us  divide  as  before  the 
atrc  AP  into  ten  equal  parts,  let  us  draw  the  diameter  (1) 
(ai),  and  through  its  extremities  let  us  bring  the  right  lines 
F  (1),  P'  (21),  which  will  cut  respectively  AB,  which  we 
shall  prolong,  if  necessary,  to  the  points  m'  and  n' ;  these 
points  will  be  the  projections,  or  the  perspectives  of  the 
extremities  of  the  diameter  of  the  meridian  of  the  map, 
passing  by  the  point,  the  longitude  of  which,  with  respect 
to  the  first  meridian  AF',  is  10  degrees,  new  measure. 
If  therefore,  from  the  middle  of  wi',  n',  as  a  centre,  with  a 

m'  %* 
radius  =— ^— »  we  describe  the  arc  Pwi'  P',  we  shall  have 

the  prcgection  of  the  meridian  required.  By  repeating  the 
same  construction  for  the  points  of  division  (2)  (3),  and  the 
others,  we  shall  obtain  the  projections  of  the  other  meri- 
dians ;  and,  by  a  natural  consequence  of  the  symmetry  of 
the  figure,  what  we  have  constructed  in  the  semicircle  PAP', 
will  serve  for  the  other  semicii*cle  PBP'.  As  to  the  meri* 
dian,  the  plane  of  which  is  perpendicular  to  the  picture 
APB,  it  will  be  represented  there  by  a  right  line  which 
cdncides  with  the  axis  PP'. 

As  the  length  of  the  radii,  to  describe  the  meridians,  may 
become  too  great  to  trace  these  circles  by  means  of  a  com- 
pass, a  very  simple  instrument  is  used,  composed  of  two 
moveable  rulers,  AC  and  CB,  Fig.  20  united  at  C  by  a 
hinge,  which  allows  them  to  form  ^any  angle  whatever.  A 
pencil  is  placed  in  the  centre  of  the  motion  of  these  two 
rahrs,  the  point  C  is  made  to  coincide  with  the  point  m', 
Fig.  21 ;  at  the  points  PP'  are  fixed  two  small  metal  pointSi 
against  which  the  edges  of  the  rulers  are  apfdied,  the 
point  C  always]  resting  on  m' ;  tiien,  without  varying  tt^ 
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angle  ACB,  the  instruinent  is  made  to  move,  so  that  liio   bmb 
rulers  lean  incessantly  against  the  points  PP'.    The  pencil      '^' 
C  then  describes  the  arc  of  the  circle  Pwi'  P',  Fig-  21.    The  """"^ 
demonstration  of  this  process  is  afforded  by  elementary 
geometry. 

Let  ns  now  indicate  the  projection  of  the  parallels.  These  Ti^ 
circular  curves  ought  to  pass  by  the  corresponding  points  of  ^ 
division,  (1)  (19),  (2)  (18),  (3)  {17),  &c.  and  their  centres 
are  necessarily  situated  on  the  prolongation  of  the  axisPP'. 
We  may  determine,  for  example,  the  centre  of  the  projec-* 
tion  of  the  parallel  (9)  (1 1),  in  the  following  manner.  Draw 
the  straight  lines  B(9),  B(ll);  the  first  will  cut  PF  at 
the  point  r',  the  second  at  the  point  r,  and  the  distance  rr^ 
wUi  be  the  diameter  of  the  parallel,  which  is  moreover  de^ 
termined  by  the  three  points  known  (9)  r,  (11);  we  have 
only  to  describe  an  arc,  the  centre  of  which  shall  be  in  the 
middle  of  rr'f  and  the  radius  equal  to  the  arc  (9)  P; 
it  will  be  on  the  map  the  parallel  of  90  degrees,  new 
measure. 

We  shall  next  consider  the  korixontai  stereographie  pre^  Horiiontai 
jeetion^  the  most  interesting  application  of  this  method.  ^'°^*^^^''' 
The  rational  horizon  of  any  place  whatever,  will  serve 
»  a  plane  of  projection;  the  point  of  view  is  the  ]ow« 
ered  pole  of  that  horizon;  the  meridian  that  passes 
thnmgh  that  place  is  represented  by  a  right  line,  and  is 
ctnnmonly  called  the  principal  meridian.  Now  let  ABDB^ 
Fig.  22,  be  the  horizon  of  a  place:  its  centre  C  will  be  the 
projection  of  the  point  of  view,  or  of  the  pole  of  the  hori- 
xon.  Again,  let  AB  be  the  diameter  which  represents  tiie 
principal  meridian.  If  the  angle  PCA  is  equal  to  Ae 
height  of  the  pole,  and  D£  be  perpendicular  to  AB,  the 
right  line  PE  will  cut  AB  in  a  point  p,  which  will  be  the 
projection  of  the  raised  pole  of  the  globe.  If  in  Kke  man* 
ner  the  line  EP'  is  prolonged  till  it  cuts  the  prolongatioi| 
of  AB  in  p',  this  point  will  be  the  projection  of  the  lowered 
pole  of  the  gl<riie.  The  pm^tions  of  the  meridians  whidi 
will  all  pass  through  the  points  pp'^  will  have  at  the  same 
time  their  centre  on  the  right  line  SS',  perpendicular  on  F,  or 
on  the  middle  pp\    SS'  is  called  the  line  of  the  centres  of  the 
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meridians.  It  is  remarkable  that  the  line  CF  is  equal  to 
AT,  which  is  the  tangent  of  the  height  of  the  pole.  To 
'  ooinplete  the  determination  of  the  projection  of  the  meri- 
dians, it  is  sufficient  to  find  a  tliird  point* — ^Here  is  a  me- 
thod to  find  that  element* 
Tracing  of  ^^^  meridian  whose  plane  is  perpendicular  to  the  prin- 
tht  mtri-^  dpal  meridian  AB,  cuts  the  horizon  according  to  the  right 
line  DE,  perpendicular  to  AB;  therefore,  if  from  the 
point  I  as  centre,  and  with  a  radius  TD,  we  describe  the 
arc  DP£»  this  arc  will  be  the  projection  of  the  meridian 
passing  through  the  longitude  of  100  degrees,  new  mea- 
sure, or  90  ancient  degrees,  counting  from  the  principal 
meridian  AB.  The  projection  of  the  equator  does  not 
present  more  difficulties ;  for  if  we  raise  the  diameter  QQ'^ 
perpendicularly  to  PP',  this  diameter  will  be  that  of  the 
equator,  and  its  projection  on  the  map  will  be  qq\  Con- 
sequently, if  from  the  middle  of  the  line  qq'f  as  centre,  and 

with  a  radius  =  '^9  or  equal  to  the  cosecant  of  the  latitude 

of  the  centre  of  the  map»  we  describe  the  arc  Df  E,  it  will 
be  the  projection  of  the  half  of  the  equator.    We  must 
now  recollect  the  principle  on  which  the  stereographic  pro- 
jections of  two  great  circles  of  the  sphere,  make  between 
them  the  same  angles  as  the  real  planes  of  those  circles. 
Hence  is  derived  this  geometric  construction :   From  the 
point  J9  as  a  centre,  and  with  an  arbitrary  radius, — with  an 
equal  radius,  for  example,  to  pF,  let  us  describe  a  circum- 
ference, and  divide  it  into  40  equal  parts,  setting  ofi*  from 
AB,  (if  we  wish  to  trace,  as  before,  only  40  meridians,)  and 
through  all  the  points  of  division  radii  must  be  brought, 
whose  prolongations  will  meet  the  line  SS',  or  the  line  of 
the  centres  in  different  points  of  x",  &c.    These  points 
will  be  the  centres  of  the  projections  of  the  meridians.    The 
practical  employment  of  this  process  being  often  too  embar- 
rassing, on  account  of  the  increasing  size  of  the  radius  B, 
we  may  determine,  by  the  means  we  are  going  to  indicate, 

*^  Puissant,  Topogr.  p.  123. 
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tkepoiBts  where  the  meridians  meet  the  planes  of  projec-    book 


IV. 


tlOD. 

From  any  point  whatever  taken  on  the  line  AB,  or  its 
prolongation^  from  the  point  F,  for  example,  is  brought  the  merrdi- 
down  perpendicularly  Ffc,  on  the  line  PP',  making  as  we  "^"C^^^ 
know  already,  an  angle  equal  to  the  height  of  the  pole,  and 
the  length  Fk  is  carried  from  F  to  fc' :  then  from  this  last 
point  as  centre,  and  with  a  radius  =  Ffc'',  or  with  any 
o&er  radius  taken  at  pleasure,  but  rather  large,  a  circum- 
ference is  described,  which  is  likewise  divided  into  40  equal 
purls.  After  this,  secants  k  n',  k  n",  k  n"'t  are  brought 
through  all  those  points  of  division ;  the  extremities  n'  n"f 
i\  of  those  secants,  terminated  in  the  right  line  SS',  are 
on  the  Tery  traces  of  the  planes  of  the  meridians ;  drawing 
therefore  right  lines,  which  pass  through  the  centre  of  the 
map,  such  as  n'  C>',  n"  Cy ,  n"  Cf^'",  the  diameters  n'  ^V 
fccwill  be  the  required  traces  of  the  meridians;  and  as, 
moreover,  they  must  all  pass  through  the  pole  p,  we  shall 
hare  three  points  of  each  meridian,  for  example,  ^'",  p,  m'"  ; 
the  meridians  therefore  will  be  easily  described  according 
to  (me  of  the  processes  previously  indicated. 

In  practice,  as  there  commonly  is  not  space  enough 
nmnd  the  map  to  perform  this  construction,  founded  on 
te  principles  of  descriptive  geometry,  Fk  may  be  carried 
from  ¥  to  k" ;  this  point  will  then  be  what  is  called  the 
ttfiire  dinaisar;  in  ottier  respects,  the  processes  are  the 
same. 

Let  us  now  examine  how  parallels  to  the  equator  are  Tracing  of 
tocribed.  Their  planes  being  perpendicular  to  the  prin-  parallel, 
cipal  meridian  AB,  we  shall  obtain  the  diameters  of  their 
projections,  as  we  obtained  those  of  the  equator,  that  is  to 
^h  s^r  having  divided  the  circumference  ABDE  into 
40  equal  parts,  setting  out  from  the  point  P,  we  draw, 
two  and  two,  the  right  lines  (1)  £,  (1^  £;  and  the  in- 
ter?al  W  intercepted  between  these  right  lines,  and  taken 
OB  the  meridian  AB,  will  be  the  diameter  of  a  parallel.  In 
^e  present,  the  parallel  vv  belongs  evidently  to  the  80th 
'^gree  of  latitude,  since  the  arc  AP  measures  the  height 
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of  the  pole.  But  for  the  parallels  which  are  very  diataat 
^*  from  the  superior  pole  p,  the  construction  we  have  just  in- 
*""^"'**  dicated  can  no  longer  be  put  in  practice^  becaoae  tke  point 
V  would  then  be  too  far  from  the  centre  of  the  ma^  To 
obviate  fliis  inconvenience,  we  may  trace  the  interaectioas 
of  the  planes  of  the  parallels,  with  the  plane  of  prqfedion 
ADBE!,  intersections  which  are  necessarily  parallel  to 
the  diameter  DE,  and  distant  frt>m  it  by  a  sum  equaL 
sin.  lat  of  the  parallel     _.       ^,     .  ^.,   ,     .  ^, 

COS.  height  o^  the  pole-  ^^^''  *^^  **^*^"^^  ^  "^'^^^^ 
Hie  pole  p  being  the  northern  pole,  this  value  becomes  ne- 
gative; and  instead  of  bringing  it  on  the  side  of  AC,  it  is 
brought  on  the  side  of  CB.  Thence  it  follows  that  if  at  any 
distance  whatever  from  the  right  line  DE,  (ftg.  23.)  the  pa- 
rallel line  d  e  is  brought  to  it^  the  points  d  and  e  common  to 
that  parallel  and  to  the  circumference  ADBE,  will  beloDg 
to  the  required  parallel :  but  this  parallel  passes  at  the  same 
time  through  a  point  such  as  v  determined  by  the  preceding 
metliod;  we  have  therefore  the  three  points  necessary  for 
tracing  a  circumference. 
ProMitiei  There  are  other  methods  of  explaining  the  three  stereo- 
^o^lphk  SW*fc*c  projections,*  but  w«  prefer  indicating  in  a  few 
projtction.  wonls  the  advantages  and  defeds  of  this  sort  of  projection. 
It  is  sufficient  to  cast  one's  *  eyes  on  a  map  of  this  kind,  to 
perceive  that  the  quadrilaterals  comprehended  between  two 
meridians  and  two  consecutive  parallels,  increase  in  extent 
in  going  from  the  centre  to  the  circumference.  This  in- 
crease results  from  the  obliquity  which  the  visual  rays  take» 
on  parting  from  an  axis  perpendicular  to  the  picture,  call- 
ed the  optical  axis.  It  follows  thence  that  the  regions 
placed  towards  the  borders  of  the  hemisphere  have  a  much 
more  considerable  extent  than  if  they  were  at  the  centre^ 
Md  that  we  are  led  into  error  whenever  we  compare 
them  with  those  which  occupy  that  part  For  exam- 
ple, the  point  of  austral  Africa,  appears  much  broader  than 
on  a  globe,  and  in  Nova  Zembla  the  distances,  south  and 

*'  R.'Vaugondy,  Inatit.  Geoi^r.  1.  c. 


MATHEMATICAX  GEOGBAPHT.  97 

north  are  rendered  hj  spaces  much  larger  than  the  same  book 
distances  are  in  India.  This  inconvenience,  of  no  conse-  ^^" 
quence  to  learned  geographers,  may  lead  pupils  to  false 
ideas;  but  tliis  risk  would  be  diminished,  if,  in  teaching,  care 
▼ere  taken  to  explain  the  qualities  of  stereographic  projec- 
tions, and  to  place  under  the  view  of  beginners  the  polar, 
equatorial,  and  horizontal  planispheres,  the  defects  of  one 
always  disappearing  in  the  other. 

The  stereographic  projection  does  not  admit,  in  general,  Measure  of 
tbe  employment  of  a  rectilineal  scale  for  comparing  the  re-  on  l^tereo- 
spective  distances  of  places,  which  are  measured  according  s^^p^'c 
to  the  arc  of  a  great  circle,  joining  these  places :  but  ™*'^' 
wo  may  always,  by  means  of  the  graduaticm  itself,  mea- 
sore  the  distance  between  the  centre  of  the  map,  and  any 
point  whatever,  and  consequently  we  may  know,  on  the 
horizontal  projection  relative  to   Paris,  for  example,  the 
distance  of  that  town  from   all  the  otlier  points  of  the 
globe.    This  property  results  from  this,  that  all  the  great 
circles  which  pass  through  the  centre  of  the  map,  cutting 
each  other  according  to  the  optical  axis,  have  for  perspec- 
tive, right  lines  drawn  through  that  centre,  and  admit 
of  a  graduation  similar  to  that  which  is  observed  on  the. 
equator  of  maps  of  the  world,  constructed  on  the  plane  of 
the  meridian. 

If  we  wish  to  measure  the  distance  from  two  points  on  a 
stereographic  map,  we  may  (Fig.  24.)  make  use  of  the  fol- 
lowing construction.*  Let  Z  be  the  zenith  of  a  place,  C 
the  centre  of  the  horizon,  or  the  projection  of  Z  and  ZMB, 
XMB'  the  respective  verticals  of  the  two  points  MM'  given 
on  the  globe  by  their  longitudes  and  latitudes.  These 
points  will  have  evidently  for  perspectives  or  traces  mm', 
supposing  the  eye  in  E.  But  if  we  prolong  the  right  lines 
MM',  mm,  they  will  meet  in  a  point  R,  and  the  right 
hue  COR  will  mark  on  the  plane  of  projection  CBB',  the 
trace  of  the  plane  MCM  of  the  great  circle  to  be  pro- 

•  Puissant,  Trait^  de  Topogr.  p.  127. 
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BOOK   jected.    Therefore  the  four  points  m*  m',  O,  O'y  are  on 
'^*      the  projection  of  the  great  circle  which  passes  through 
*"""""""  MM';  thus  this  projection,  whirh  is  itself  a  circle,  will  be 
entirely  dettTinineii.    This  being  laid  down,  we  may  trace 
the  shortest  distance  on  the  map,  in  the  following  manner. 
Carry  Cm  (Fig.  25.)  from  C  to  ^,  and  Cm'  from  C  to  p; 
draw  the  right  lines  E^n,  Eft>  n' :  then  on  mm'  construct 
the  triangle  m'  E'  m,  so  tliat  m  E'  be  equal  to  ^  E,  and  m' 
£'  to  /li'  E ;  next,  on  the  prolongations  of  E'  m'  and  Em, 
draw  (*>n  from  m  to  n'\  and  f^'  n'  from  m'  to  n'";  finally, 
let  the  common  section  R  of  the  two  right  lines  m'  m  and 
n'"  n",  be  determined,  and  draw  the  right  line  RCO,  which 
will  be  the  trace  required.    We  may  now  trace  the  arc 
of  a  cii*cle  O'  m'  vm  O,  of  which  the  portion  m'  v  m  is  the 
shortest  distance.     The  number  of  degrees  contained  in 
the  shortest  distance,  will  be  ascertained  by  considering  the 
right  line  n"  n%  which  is  equal  to  MM'  (Fig.  24.  and  25.) 
as  the  cord  of  the  circumference  ADB. 
Origin  ©f        The  stereographic  projection  was  not  known  to  the  aa- 
f  raphic^^'  cionts.    The  first  map  of  the  w^orld  of  tliis  kind  is  found  in 
projection.  ^  ^Qpfc  ^f  the  beginning  of  the  I6th  century,  by  the  same 
Werner  of  Nuremberg,   who  gave  the  first  indication  of 
the  method  of  lunar  distances.*    He  was  indebted  for  the 
idea  to  his  master,  Stabius  the  astronomer.f    The  use  of 
this  projection  appears  to  have  been  general  150  years  later. 
Vartnius  marks  its  tliree  modifications.     HesiuSf  a  Ger- 
man geographer,  who  lived  in  the  beginning  of  the  18th 
century,  applied  stereographic  projections  to  special  maps. 
This  method,  laborious,  but  favourable  to  the  exactness  oi 
the  details  of  position,  is  little  followed  in  France,  where 
the  stereographic  projection  is  reserved  for  maps  of  the 
World. 
Orthogra-       We  shall  now  proceed  to  the  explanation  of  arthographie 
j^'tiwiir    pryedionB,  which  might  also  be  called  planetary^  since  their 

^  J.  Werner,  de  qoatuor  orbis  terrarum  figurationibus,  ad  calcen.    ^^ 
m»i  geograpb,  lib.  i.  vers,  ab  code  in. 
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principal  object  in  to  show  the  direct  image  of  the  half  of  9oqk 
the  globe,  the  eye  being  supposed  at  an  infinite  distance,  i^* 
Aat  is  to  say,  great  enough  for  all  the  visual  rays  to  be  — — 
rockoned  parallel.  As  these  rays  are  perpendicular  to  the 
plane  of  projection,  while  the  lateral  parts  of  the  sphere  pre^ 
sent  themselves  more  and  more  obliquely  to  this  same  plane, 
it  is  easy  to  perceive,  even  without  demonstration,  that  this 
projection,  offering  the  contrary  defect  of  the  stereographic, 
makes  the  space  diminish  from  the  centre  to  the  circum- 
ference. This  diminution,  which  is  infinitely  greater  than 
that  remarked  in  the  preceding  projection,  gives  to  the  ex- 
tremities of  a  planisphere  orthographically  projected,  an  as- 
pect too  much  disfigured  to  fulfil  in  general,  any  of  the  ob- 
jects proposed  by  geography.  This  is  a  sufficient  reason 
for  indicating  here  only  very  briefly  what  regards  ortho- 
graphic constructions. 

Figure  26,  indicates  the  polar  projection.  The  lines  AB  P«»ar  P'o- 
and  CD,  are  two  meridians  which  cut  each  other  at  right  ^^^^*^"* 
angles  in  E,  which  is  the  projection  of  the  pole,  and  the 
centre  of  the  map.  The  circumference  ABCD  is  the  equa- 
tor, on  the  plane  of  which  the  map  is  projected.  This  circum- 
fin^ence  is  divided  into  equal  parts,  from  10  degrees  to  10,  or 
from  5  to  5 ;  the  diameters  which  pass  through  the  points 
o'  a",  b'  ft",  &c  and  by  the  centre  £  will  be  the  meridians. 
Let  fidl  firom  the  points  a'  ft',  &c.  perpendiculars  on  the  dia- 
meter CD ;  they  will  determine  the  radii  E  1,  E  2,  &c.  with 
which  you  will  describe  the  circles  parallel  to  the  equator. 

In  the  projection  on  a  meridian,  the  proce^^  is  constructed  Equatorial 
in  the  fiollowing  manner.  Draw  the  lines  AB  and  CD  (Fig. 
£7.)  catting  each  other  at  right  angles ;  one  will  be  the  meri- 
dian of  the  middle,  the  other  the  equator.  Their  intersection 
E  is  the  centre  of  the  plane  of  projection,  circumscribed 
by  the  meridian  ABCD.  This  circumference  must  be 
divided  into  equal  parts,  then  unite  the  points  of  divi- 
non,  the  diameters  a'  a",  ft'  ft",  &c.  will  be  the  common 
sections  of  the  meridians,  with  the  plane  of  the  equator. 
The  angles  a'  ED,  fcc.  will  mark  the  inclination  of  the4e 
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SOOK  meridians  on  the  plane  of  projection.  Now  let  down  from 
*^''  the  points  a'  b\  &c-  on  the  radius  ED,  the  perpendiculars 
a*  1,  b'  2,  &c.  which  will  be  the  sines  of  the  angles  of  incli- 
nation of  those  meridians  measured  on  the  equator;  tiie 
parts  £  1,  £  2,  &c.  will  be  the  versed  sines  of  tiiose  inch- 
nations,  and  consequently  the  lesser  axes  of  the  ellipses, 
which  are  to  represent  the  meridians.  The  line  AB,  tiie  pro- 
jection of  the  axis  of  the  globe,  is  the  greater  axis  of  those 
ellipses.  The  parallels  to  the  equator  are  very  simply  traced ; 
it  is  only  necessary  to  join  by  a  right  line  the  points  of  divi- 
sion of  the  circle  ABCD,  equidistant  from  the  diameter  CD, 
and  which  are  on  the  same  side.  This  diameter  being  the 
projection  of  the  equator,  the  cords  a'  (1),  b'  (2),  and  others 
parallel  to  it,  will  be  the  projections  of  the  parallel  circles. 
The  inspection  of  the  figure  shows  the  inconveniences  of 
this  projection ;  namely,  the  extreme  narrowing  of  the  late- 
ral parts,  and  the  obliquity,  always  increasing,  of  the  angle 
under  which  the  parallels  cut  the  meridians.  Neveriliele&s  it 
is  at  the  same  time  evident,  that  such  a  planiapltere  presents 
a  more  striking  image  of  a  spherical  body  than  a  stereogra- 
phic  planisphere  does ;  thus  beginners,  who  cannot  alwajs 
study  on  a  globe,  by  using  from  time  to  time  a  map  pro- 
jected orthographically,  might  perhaps  imbibe  more  pro- 
foundly the  idea  of  the  sphericity  of  the  earth.  This  ad- 
vantage is  still  more  sensible  in  the  horizontal  orthographic 
projection  of  which  we  are  going  to  treat. 
Horizontal  The  meridians,  in  this  projection,  are  ellipses,  the  greater 
projection  |^^  ^f  which  Coincide  with  the  traces  themselves  of  the 

ana  tracing    -  •    ,  .  i.  «^t  .  j. 

of  the  Rieri-  planes  of  tlieso  meridians.  These  traces  are  detemuned  by 
^'^"**  the  same  methods  as  those  we  have  indicated  for  the  stereo- 
graphic  horizontal  projection.  It  only  remains  therefore  to 
show  how  the  smaller  axes  are  obtained.  Let  (Fig.  26.)  the 
angle  DCP  be  equal  to  the  height  of  the  pole;  let  more- 
over m"  f*"  be  the  trace  of  a  meridian,  and  D£  the  projec- 
tion of  the  principal  meridian.  To  have  the  orthographic 
projection  of  tlie  raised  pole  P,  let  fall  on  CD  the  perpen- 
dicular P  p,  an<l  you  will  have  the  point  P.    Now,  to  bare 
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the  angle  which  the  plane  of  the  meridian  ft!'  pm"  makes  vitli    book 
that  of  the  picture*  or  with  the  horizontal  plane,  we  let  down      ^^* 
fnnn  the  point  p  the  right  line  R  perpendicular  on  ^"  m"  ;  — ~--" 
f  R'  is  made  equal  to  p  R,  and  the  right  line   R'  P  is 
drawiiy  which   forms  with  D£  the  angle  required.    The 
trigonometric  relations  of  this  angle,  and  of  it^  cosine, 
than  give  this  geometric  construction :  Draw  C  n  parallel 
to  R'  P,  and  from  the  point  n  the  right  line  nt  parallel  to 
Pp;  describe  from  the  point  C  with  a  radius  equal  to  C  ^ 
an  arc  in',  terminated  at  the  meeting  of  C  n',  drawn  per- 
pendicolarly  to  the  trace  or  to  the  greater  axis  ^"  m'* ;  then 
the  line  Cnx  will  be  the  orthographic  projection  of  tiie  ra- 
dius C 119  or  the  smaller  axis  required.    We  have  then 
only  to  describe  the  ellipsis,  the  two  axes  of  which  are 

The  projection  of  the  parallels,  abstracting  from  the  cal-  ProjecUoa 

colatioiis  which  serve  as  its  foundation,  may  be  effected  in  raUeiV^^* 

the  following  manner.    Supposing  it  is  wished  to  project 

the  parallel,  the  distance  of  which  from  the  raised  pole  is 

■eaasred  by  the  arc  P  ft  or  P  a.    From  the  points  a  and 

tare  let  fall  on  the  principal  meridian  DE,  the  perpen- 

dicolars  aa'  bh\  and  the  line  a'  b'  will  be  the  smaller  axis  of 

projection  of  the  parallel  to  be  described.  To  find  the  greater 

axis,  the  cord  ab  is  divided  into  an  even  number  of  equal 

parts; on  DE  are  sought  the  projections  of  all  the  points 

of  division,  as  has  been  done  for  the  points  a  and  b;  then, 

after  having  drawn  through  those  same  points  ordinates* 

mto  die  semicircle  a  x  b,  they  will  carry  the  lengths  of  the 

tet,  on  the  correspondent  ordinates  of  the  eUipsis  to  be 

traced ;  by  this  means  the  principal  points  of  this  ellipsis 

are  obtained,  and  the  ordinate  of  the  middle  yx  will  be 

the  semi*great  axis  y'  x'  required. 

Besides  the  orthographic  and  stereographic  projection.  Central 
there  is  a  third  projection  in  perspective  called  centraL    It  P'^'J'^'^"- 

*  An  ordinate  is  a  right  line  drawn  from  a  point  of  the  curve  to  another  fi&ed 
^ae,  which  makes  with  the  latter  a  determined  angle. 
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BOOK  is  obtained  by  placing  the  point  of  view  at  the  centre  of  the 
1"^*  sphere,  and  taking  for  picture  a  plane  tangent  to  its  sur- 
face.  It  would  be  useless  to  demonstrate  how,  in  this  cmc, 
the  processes  must  be  modified  which  we  have  given  above 
to  construct  the  equatorial,  polar,  and  horizontal  projec- 
tions; from  the  point  C  of  the  figures  19— -SI,  previouBly 
cited,  we  must  draw  the  visual  rays  which  determine  the 
section  made  by  the  plane  of  the  picture  in  tiie  cones 
perpendicularly  to  the  circles  to  be  represented ;  we  most 
take  the  picture  parallel  to  that  which  passes  through  the 
centre  and  tangent  to  the  circle  ADBE.  We  then  see 
that,  in  the  projex;tion  on  the  plane  of  the  first  meridian,  the 
meridians  will  be  right  lines  perpendicular  to  the  equator, 
which  itself  will  be  a  right  line;  the  parallels  to  the  equa- 
tor will  be  hyperbolas.  In  the  polar  projex^tion  the  meridi- 
ans will  be  right  line^  drawn  from  the  centre  of  the  map; 
the  parallels  td  the  equator,  circles  having  their  centre  at 
that  point;  and  in  the  horizontal  projections,  the  men* 
dians  will  be  right  lines  drawn  through  tjie  projection  of 
the  superior  pole.  The  parallel  of  the  place  to  which  tiid 
projection  relates  will  be  represented  by  a  parabola ;  those 
that  are  nearer  the  pole  by  ellipses ;  and  the  others  on  each 
side  of  the  equator,  by  hyperbolas.  It  is  plain  that  this 
projection  alters  still  more  than  the  stereographtc,  the  ex- 
tent  of  regions,  in  proportion  as  they  are  removed  from  tiie 
centre  of  the  map.  It  can  never  represent  an  entire  he- 
Properties  misphere,  because  the  visual  rays,  brought  by  the  circumfe- 
of  thii pro- rcnce  which  terminates  this  hemisphere,  are  indefinite,  be- 
^  '^  '  ing  parallel  to  the  plane  of  the  picture ;  it  may  however  be 
employed  with  advantage  to  retrace  parts  of  the  globe,  the 
extent  of  which  may  not  be  very  considerable ;  for,  in  this 
projection,  all  the  places  situated  on  the  same  great  cir- 
cle, are  placed  on  the  map  on  a  right  line;*  it  is  sus- 
ceptible of  a  sort  of  scale,  the  construction  of  which  is  not 
difficult  to  find.    It  was  undoubtedly  for  this  reason  that 

*  Lagrange,  Mem.  sur  let  Cartes  Geographiques,  dai^s  lei  Mem.  de  BtrViD, 
1779,  p.  162. 
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M.  Prony  thought  of  using  it  in  the  maps  of  the  survey  of  book 
France.     This  projection,  almost  unknown  in  geography*      ^^* 
is  employed  for  sun-dials.  — — — — 

Soch  are  the  three  principal  projections  of  the  globe.which  ^(^u^^*  of 
the  rules  of  perspective  admit  We  see  that  none  of  thefeciionf.''' 
planiaplieres  traced  after  these  projections  unites  all  the 
qualities  of  a  perfect  representation  of  the  globe ;  they  ne- 
cessarily alter  the  figure  of  countries,  either  in  the  middle 
or  towards  the  borders  of  each  hemisphere ;  they  do  not  re- 
jjiteaont  spaces  really  equal  under  equal  dimensions;  and 
the  same  takes  place  for  most  of  the  distances.  It  is  not 
possible  neither,  to  obtain,  either  in  the  stereographic  or 
<»lhographic  projection,  that  places  situated  in  a  right  line 
on  the  globe,  that  is  to  say,  on  a  same  great  circle,  should 
be  equally  represented  in  the  map  of  the  world  on  a  right 
line.  Finally,  the  inequality  necessary  in  the  projection  of 
spaces  does  not  allow  us  to  find  with  ease  the  exact  longitude 
and  latitude  of  a  place.  Different  means  for  modifying  the 
stereographic  projection  have  in  vain  been  proposed,  with  a 
view  to  remedy  these  inconveniences.  The  learned  astrono-  Modifica- 
mcr  De  Lahire*  proposed  that  the  eye  of  the  spectator  should  {^^d^by' 
be  sapposed  out  of  the  globe,  and  distant  from  its  convex  Labire  aoa 
surface  by  the  amount  of  the  sine  of  45  degrees ;  that  is  to 
say»  that  the  meridian  BD,  Fig.  29,  being  of  200  parts,  it 
must  be  prolonged  out  of  tlie  circle  ABCD  by  70  parts, 
and  then  from  the  point  F,  should  be  drawn  the  right  lines 
F  0,  F  ft,  &c  whose  intersection  with  the  diameter  AE  would 
determine  the  small  axis  Car,  C  y,  &c.  of  the  ellipses  which 
represent  the  meridians.  The  geometer  Parent  observed 
that,  in  this  projection,  the  radius  of  the  meridian,  distant  by 
43  degrees  from  the  principal  meridian,  cuts  in  reality  the 
semi-diameter  into  two  equal  portions,  but  that  it  may  still 
be  asked  at  what  distance  the  eye  must  be  placed  that  all  tlie 
inequalities  between  the  divisions  of  the  semi-diameter  should 
be  the  least  possible;  he  found  that  if  BD  is  equal  to  £00 
parts,  the  point  of  view  must  be  taken  at  a  distance  of  59i ; 

♦  Hist,  de  ies  Acad.  d«s  Sciences,  1701,  p.  97. 
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BOOK  but  it  must  be  placed  at  llOi  if  we  wish  the  zones  of  the 
'^*  hemisphere  to  occupy  i*espectively  a  space  proportioned  to 
"  that  which  they  occupy  on  the  globe. 

Thus,  these  sorts  of  modified  stereographic  projections, 
besides  losing  the  advantage  of  presenting  the  meridians  and 
parallels  cutting  each  other  at  right  angles,  cannot  preserve 
at  the  same  time  the  equality  of  spaces  and  of  configura- 
tions* 

It  is  a  truth  generally  admitted,  that  all  the  conditions 
of  a  perfect  representation  of  the  terrestrial  surface  can 
only  be  united  in  the  case  of  the  earth's  being  a  cone  or 
cylinder,  or  in  short,  any  body  whatever  of  simple  curva- 
ture.* If  therefore  we  can  find  a  body  of  this  nature,  which 
approaches  nearly  to  the  spheroid,  we  may  substitute  its 
surface'  for  that  of  the  latter,  and  obtain  representations 
which  will  answer  one  or  other  condition  of  a  faithful  pic- 
ture«*— This  we  shall  explain  in  the  following  Book. 

*  Lamberty  Mem.  Bur  les  Matliein..  Mixtes,  iii.  p.  105.  (eu  All.)  £uler, 
Mem.  sur  les  Solides  developpable?,  dans  les  Novi  Comment.  Petropo).  xy'i,  2. 
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BOOK  V. 

CanHmuaf'on  nf  the  Theory  of  Geography.  Of  Geographic 
and  Eydrographic  Maps  by  Conic  and  Cylmdric  develop^ 
menu     Of  Projections  by  Froportiomd  Farts. 

Among  all  bodies  which  can  be  exactly  retraced  on  a 
Iilanet  the  cone  and  cylinder  have  the  most  affinity  with  the 
sphere;  the  cone  especially  offers  the  adrantage^  that  a 
small  conic  zone  hardly  differs  at  all  from  a  spheric  zone. 
Hence  it  is  conic  developments  that  afford  the  best  projec- 
tions of  special  geographical  maps,  and  even  by  the  help  of 
some  modifications  for  considerable  parts  of  the  globe.  We 
shall  therefore  begin  by  the  explanation  of  this  sort  of  maps. 

In  the  purely  conic  projection,  a  spherical  zone  is  consi-  Simple  eo* 
dered  as  confounding  itself  with  the  surface  of  a  truncated  Sonf'^^*^* 
cone  which  is  tangent  to  it.  If  this  surface  be  developed^ 
the  parallels  become  right  circles  of  the  summit  of  the  cone» 
taken  for  centre ;  the  meridians  are  right  lines  which  all 
pass  through  this  same  point,  and  direct  themselves  towards 
tte  base  of  the  cone.  In  order  to  fix  our  ideas  better  in 
this  respect,  let  us  have  recourse  to  Fig.  30.  Let  PC  be  the 
radius  of  the  sphere,  M  a  place  situated  at  the  latitude  £M^ 
and  OM  the  co-tangent  of  that  latitude.  The  development 
of  the  mean  parallel  has  for  radius  the  co-tangent  of  its 
latitude,  and  for  amplitude  the  arc  equal  to  the  circumfe- 
rence of  which  MR  is  the  radius. 

From  the  point  O,  taken  for  centre,  and  with  the  radius 
OM,  we  describe  an  indefinite  arc  NN',  and  taking  OG 
for  flie  meridian  of  the  middle  of  the  map,  we  make 
the  angle  NOM  equal  to  the  half  of  the  number  of 
grades  contained  in  the  mean  parallel.  Let  us  suppose, 
for  example,  that  this  parallel  comprehends  25  degrees  on 
the  globe,  and  that  the  difference  in  latitude  of  the  extreme 
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BOOK    parallels  is  30  degrees,  the  mean  parallel  will  have,  on  the 

Y.  MR 

"lap  a  number  of  degrees  expressed  by  jr^  25  degrees. 

Sttch  is  the  amplitude  of  this  arc,  since  the  numbers  of  de- 
grees contained  in  two  arcs  of  tlie  same  length  are  to  each 
other  as  their  radii.    Thus  the  angle  MUN  being  equal  to 

MR  25'' 

flM  fto  f  It  is  evident  that  the  projections  of  the  meridians 

will  make  between  them  angles  less  than  on  the  globe,  since 
MO  is  always  greater  than  MR.  Consequently,  the  paral- 
lels of  the  map,  both  the  superior  and  inferior  to  the  mean 
parallel,  will  exceed  those  of  the  globe  of  which  they  are 
the  projections ;  and  the  more  the  map  is  extended  in  the 
direction  of  the  latitudes,  the  more  the  two  extremities  will 
present  an  inexact  proportion.  To  mark  in  the  projec* 
tlon  these  extreme  parallels,  two  parts  M  a  and  M  ft,  equal 
to  the  half  of  the  difference  of  latitude  of  the  extreme  paral- 
lels, are  taken  on  the  axis  of  the  map  OO;  for  example,  at 
15  degrees  in  the  proposed  case.  These  parallels  are  then 
represented  by  the  arcs  DD'  and  EE' ;  and  to  conclude, 
the  meridian  of  the  middle  and  the  mean  parallel  are  di- 
vided into  equal  parts,^  which  give  the  graduation  of  the 
map. 
Modifica-  The  faults  of  this  projection  are  the  not  preserving  equal- 
Snic°pro* **y  between  the  spaces,  and  only  giving  true  distances  ui 
jection.  (lie  direction  of  the  meridians.  To  remedy  this,  two  means 
have  been  tried ;  one  consists  in  taking,  instead  of  the  cone 
tangent,  a  cone  inscribed  in  totality  or  in  part ;  the  other  is 
to  alter  the  rectilinear  projection  of  the  meridians. 

If,  in  place  of  the  arc  a  b»  Fig.  31.  we  take  the  cord 
which  subtends  it  for  the  side  of  the  cone  to  be  developed, 
the  radii  of  the  projections  of  the  extreme  parallels  would 
be  AO  and  BO,  and  the  respective  position  of  the  points 
placed  on  the  map  would  be  in  reality  on  these  parallels; 
but  those  whicK  would  be  between  the  parallels  would  by 
no  means  preserve  their  true  positions.  This  method  is 
good  therefore  only  for  a  zone  of  little  breadth. 


MATHEMATICAL   GBOOBAFHT.  107 


The  astronomer  De  I'Isle  de  la  Croyere,  who  was  em-    ^^ 
I^oyed  to  construct  a  general  map  of  the  empire  of  Russia^       ^* 
which,  traced  stereographicallj^  would  present  shocking  de-T~^^ 
formitiesy  made  choice  of  the  conical  projection ;  but,  to  im-  of  De  iltlo 
prove  it,  he  made  the  cone  enter  into  the  sphere,  so  that  it  croyeM. 
cut  it  according  to  two  parallels  placed  each  at  an  equal 
distance  from  tiie  mean  parallel,  and  from  one  of  the  two 
extreme  parallels.    The  map,  by  this  means,  had,  on  the 
two  parallels  just   mentioned,    the    same    dimension  as 
the  corresponding  part  of  the  globe ;  and  its  total  extent 
differed  but  little  from  that  of  the  country  it  was  to  repre- 
sent, because  the  excess,  which  was  at  tlie  two  extremi* 
ties  of  the  map,  was  at  least  compensated  in  part  by  the 
deficiency  which  the  inscribed  portion  of  the  cone  had  with 
respect  to  the  spherical  zone.    The  map  comprising  from 
the  40th  degree  of  latitude  to  the  TOth,  the  mean  parallel 
answered  to  SS''^  the  parallels  common  with  the  sphere  were 
those  of  47**  30',  and  ed**   SO'.    This  projection  presents 
many  advantages  for  general  maps  of  considerable  extent^ 
and  the  principal  object  of  which  is  to  show  the  totality  of 
a  vast  empire.* 

The  celebrated  ^.uler  made  profound  researches  on  this  Method 
method  of  projection ;  he  substituted  for  the  determination  P'°^^ 
of  the  parallels  which  should  be  common  with  the  sphere, 
that  of  the  point  of  concourse  of  the  right  lines  which  re- 
present the  meridians,  and  of  the  angle  which  they  make 
between  them  when  they  comprehend  a  degree  of  longi- 
tude. His  calculations  rest  on  the  following  conditions: 
UU  That  the  errors  should  be  equal  at  the  south  and  north 
extremities  of  the  map.  2d,  That  they  should  also  be  equal 
to  the  greatest  of  those  that  take  place  towards  the  mean 
parallel  of  the  map.  He  hence  concludes  that  the  point  of 
concourse  of  the  meridians  should  be  placed  beyond  the 
pole  by  a  quantity  equal  to  5"  of  latitude,  and  that  the 
angle  of  two  consecutive  meridians  should  be  48'  44".  He 
then  investigates  by  how  much  the  arcs    of   the  great 

•  Mayer,  Introd.  a  la  Ccnstniction  ties  Cartes,  ♦  31,  32. 
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BOOK  circles  which  measare  the  distances  on  the  globe^  differ  from 
'^*  the  right  lines  substitated  for  them,  in  maps;  and  he  finds 
that  an  arc  of  90**  would  have  on  the  map  a  length  of 
90*  79' f  exact  by  less  fhan  near  a  hundredth.* 
Pr^Uons  Murdoch^  an  English  geometer,  proposed  three  different 
focYu''  methods  for  rendering  the  conical  projection  more  conform- 
able to  the  conditions  of  a  good  map.f  This  philosopher 
having  explained  himself  in  a  laconic  manner,  hia  projec- 
tions have  been  less  appreciated  by  their  real  merit  than 
they  have  been  extolled  or  blamed  without  proofl  We  are 
indebted  for  a  critical  explanation  of  them  to  the  researches 
of  two  German  geometers4  We  should  deviate  fh>m  our 
general  method  of  not  entering  into  abstract  mathematical 
discussion,  if  we  gave  a  complete  idea  of  all  the  rules 
of  these  projections.  The  first  presents  two  paralids 
perfectly  similar  to  those  of  the  sphere,  and  a  conical 
surface  equal  in  its  totality  to  the  spherical  surface,  but  it 
narrows  the  distances  towards  the  middle,  and  enlarges 
them  at  the  extremities ;  the  spaces  even  are  not  equal  in  di- 
viding the  map  by  two  or  several  zones.$  This  projection  of- 

*  Euler«  Acta  Acad.  PetropoU  i.  p.  1 . 

t  Philos.  Traot).  toI.  L.  Part  ii.  p.  554,  elieq, 

X  Mayer,  Introd.  p.  298,  311.  Albers  dans  Zacb.  Correspond.  Astron.  xi. 
98—1149  240—250. 

f  <(  In  Fig.  32,  let  C  be  the  centre  of  the  earth,  Q  a  point  of  tlie  equator, 
P  one  of  the  poles,  QMP  a  meridian,  A  and  B  the  points  of  intersection  of 
two  parallels.  Let  us  suppose  that  QA  =s  a  :s  70°  of  lat.  (ancient  measure) 
and  QB  s  /8  =  10*.  QM  =rr  ^  :s  jl »  («+i8)  will  be  s  40''.  Now  the  zone 
of  the  sphere,  limited  by  A  and  B.  must  be  represented  on  a  conical  surface 
equal  in  extent  to  the  spherical  zone,  and  so  that  the  breadth  of  the  spherical 
zone  be  equal  to  the  arc  BA.  In  other  terms,  the  quadrilateral  NO,  o  n  is  re- 
quirad,  which,  turning  round  the  axis  o  n,  will  describe  a  conical  surface  equal 
to  the  spherical  surface  described  by  the  revolution  of  the  segment  BA,  ab,  to 
that  NO  in  the  cone  remains  equal  to  the  arc  BA." 

We  see  that  the  line  NO  cuts  the  arc  AB  in  the  two  points  ^  and  »,  which 
are  determined  by  the  angles  ^M,  and  /uCM,  the  sum  of  which  is  equal 
each  to  /.    If  we  take  the  radius  of  the  sphere  =s  57,29577  degrees  =  {,  ^"f^ 

shall   find  cos  /='^'"i^^~^) 

f' We  thence  conclude  Kp  =  R,  the  scmi-diametev  of  the  projection  in  de- 
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fen,  nrrertheless,  a  representation  sensibly  faithful,  wben    book 
the  application  is  made  only  to  zones  of  8  or  10  degrees      ^* 
of  latitude.    The  object  of  the  second  projection  of  Mur- 
doch  is  to  obtain  the  exactness  of  the  perspective,  by  plac- 

yces  of  latitude  Rss  K}is=^.  co-tang.  fCy  cos.  /;  or,  if  we  suppose  ^.  15as  r, 
in  eeographical  miles  R  s=  r.  cot.  /u»  cos.  ^.^ 

^lothe  example  given,  we  shall  have  /=s  17^  16'^,  consequently  »  = /k, 
+  *=  40°+17<»  16'  =570  16',  and  f  =^^if  =40°  —  17°  16'=22<»  44', 
finally  R  ss  978,1  geographical  miles." 

**  As  bendes  KO  =  M  A  ss  S0°  s:  30.15  =3  450  geographical  miles,  and 
KN  =  MB  sss  30°  =  30.15  =  450  g.  m.  we  know  the  two  extreme  circles  of 
the  conical  sone  by  their  semi-diameters,  namely  :  pO  =s  R — KO  t=  978,1 — 
450»  o28, 1  geogr.  miles,  and  /)N  »  R  +  KN  »  978, 1  +  460s  1428,1  geog. 
miles.'* 

*'  Fig.  33  represents  a  projection  conformable  to  these  data,  and  compre- 
bending  110 degrees;  but  as  yet  we  only  know  the  semi-diameters  for  the 
lathndM  of  10P  ss  pN,  of  40  a  R,  and  of  70°  =  pO,  It  is  evident  that 
the  two  triangles  pkK^  and  CFM  are  alike,  since  the  angles  k  and  F  are  both 
=  9CP,  and  the  angle  p=sMCF  ss  90° — MCp. '  From  this  is  easily  drawn 
the  proportion  CM  :  MF  =spK:  Kk  and  as  CM  ==  to  the  total  sinus  ^  1  and 
MF  OS  fin.  /u,  we  shall  substitute  for  pK  any  geographical  longitude  what- 
efer,  for  which  we  choose  to  calculate  the  angle  SpW  3=3  ^  and  to  Kk^ 
the  angle  required  S/iW,  we  shall  have  the  proportion  1 :  sin.  ft  ==  x :  SpW 
that  is  to  say  :  SpW  =s  x  sin.  ^, 

*  ^  In  our  map,  which  should  comprehend  110  degrees  nf  longitude,  the  angle 
S  p  W  will  be  =s  1 10.  sin.  ^.    Therefore, 

Log.  X  » log.  110  =  2,0413927 
^  Log.  sin,  fA,  as  log.  sin.  40°  =  9,8080675  —  10 

Log.  S  p  W  1,8494602  ==  log.  70,7066 
and,  consequently,  the  angle  S  p  W  :=  70°  42^,  since  there  is  no  inconvenience 
is  regulating  the  0,0066  which  make  24''. 

**Now,  the  angle  Sp  W  on  the  arch  SW  is  divided  into  11  equal  parts,  and 
fcy  that  are  determined  the  meridians  of  the  map  from  10°  to  lOP"  (Albers,  loc. 
cit.) 

Thb  author  afterwards  shows  how,  taking  a  principal  meridian  «  /,  one  may 
calculate  the  points  of  intersection  of  all  the  meridians  with  the  extreme  paral- 
lels. 

He  afterwards  gives,  for  the  determination  of  the  remaining  parallels,  the 
fsDowing  method,  conformable  to  the  conditions  which  Murdoch  imposed  on 
himself.  "K  a  is  =:  K{;  In  the  triangle  CK  »,  which  is  rectangular  in 
K,  the  side  K  »  =  r  sin.  KC  x  =  r  sin  / ;  and  in  like  manner  in  the  triangle 
CK  C,  the  side  K  f  =  r.  sin.  ^.  For  our  map  we  shall  have 
Log.  r  =sr  log.  (57,29  .  .  .X  15)  =  log.  859,4366  =  2,9342139 

+  Log.  MD.  ^=log.  sin.  17°  16'  =  9,4724922  —  10 

T,og.  K  »  =  log.  K  f      2,4007061  =  log.  255,  1 
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ing  tl^e  eye  in  the  centre  of  the  globe  as  in  the  central  pro- 
^*      jection ;  bat,  for  this  condition  to  be  fulfilled,  it  is  neces- 

""""""^^  sary  that  the  map  should  be  folded  in  a  conical  form,  like 

Conic        the  celestial  coniglobia^  published  in   Grermany  by  Funk. 

globes.  fpjjjg  latter  proje<*tion  is  susceptible  of  an  increasing  scalei 
like  the  hydrographic  maps  of  Mercator,  of  which  we  shall 
apeak  hereafter.  The  third  projection  of  Murdoch  seems 
to  offer  n(»thing  advantageous. 

However  ingenious  the  modifications  may  be  by  whicb 
it  has  been  attempted  to  perfect  the  conical  projection,  it  is 
evident  that  they  all  tend  to  make  it  lose  its  primitive  sim- 
plicity and  facility  without  obtaining  completely  the  ad* 
vantages  proposed.  In  the  projections  after  Murdoch  and 
£oler,  there  is  always  some  part  of  the  map  where  the  spa- 
ces are  a  little  too  large  or  a  little  too  small ;  the  errors  on 
the  distances,  in  Murdoch's  first  projection,  may  go  to  ^ 

«r!^''tion  '*  ^®  ^^"*^  ^^**  *^**  projection,  corrected  by  Albers,  offers 
'  Biich  proportions,  that  in  the  smallest  square,  circumscrib- 
ed by  two  parallels  and  two  meridians,  the  defects  of  more 
or  less  destroy  each  other,  so  that  the  spaces  are  every- 
where in  the  just  proportion;  nevertheless  the  distances 
taken  in  the  direct  sense  of  the  four  cardinal  points,  are  not 
found  exactly,  and  the  configuration  of  the  countries  is  alter- 
ed in  those  same  directions. 

Geographers  have  therefore  sought,  for  their  special 
maps,  more  commodious  projections,  and  which  only  refer 
Tery  indirectly  to  the  development  of  any  regular  figure 
whaterer. 

« It  is  suflicient,"  says  an  illustrious  geometer,  "  for  the 
mathematical  exactness  of  a  map  that  the  parallels  and  me- 

Therefore  K  »  =  K^.=  255,1  geogr.  miles,  whence  we  easily  conclude  p  k  = 
ji  K  —  K  »  and  />  f=p  K  -|-  K^." 

But  Murdoch  is  satiffird  with  tracing  the  parallels  by  dividing  TS  or  VW, 
Fig.  33,  into  equal  paits  ;  an  irregular  process,  contrary  to  the  coitditions  of  the 
problem,  and  which  nevertheless  diminishes  the  laults  of  the  map,  M.  Albers 
discovered  a  geometrical  law  loi  tradng  parallels  so  as  to  render  the  spaces 
more  conforn>uble  to  those  of  the  sphere.  See  the  complete  memoir  of  Albers  in 
Vol.  xih  of  the  Annals  of  Voyages  and  of  Geography. 
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lidians  be  traced  after  any  constant  geometrical  law  what-    Bues 
ever.'^*     One  may  imagine  therefore  a  great  number  of      ^* 
projedionsy  among  which  it  will  suffice  to  notice  a  few.         — — f 

The  first  method  proposed  by  Ptolemy  for  drawing  the  ^"s^ine- 
world*  as  known  in  his  timet  is  an  alteration  of  the  conical  ptoiemy. 
projection,  nearly  the  same  as  the  method  of  Delillcf  He 
places  the  eye  in  the  plane  of  any  meridian  whatever  of 
the  hemisphere  containing  the  known  world,  and  on  the  pro- 
longation of  the  radius  of  the  sphere  which  cuts  that  meri- 
dian at  45^  lat.  N.  He  afterwards  makes  **  the  globe  turn 
90  that  the  meridians  present  themselves  successively  to  the 
eje  as  right  lines  uniting  at  the  pole*  and  the  parallels  show 
themselves  as  arcs  of  a  circle  having  their  convex  part 
towards  the  south/'  These  words  prove  that  there  is  no 
qaestion  whatever  of  a  stereographic  perspective ;  the  po- 
sition of  the  eye  is  only  indicated  to  demonstrate  the  pos- 
sibility of  seeing  the  meridians  projected  by  a  right  line. 
The  rdations  of  the  arcs  of  the  parallels  in  this  projection 
(¥1g.  34.)  are  determined  after  an  arbitrary  scale,  the  re- 
salt  of  which  is  to  render  the  arc  of  the  meridian  PF^ 
40,000  stadia,  exactly  proportioned  to  the  arc  of  parallel 
of  lat  of  Rhodes  HKL  =  72,000  stadia.  The  parallel  of 
fakt  of  Tbule  OPQ  and  the  equator  RST,  have  also  be- 
tween them  the  same  proportion  as  on  the  globe ;  but  they 
ire  too  great  compared  to  HKL.  As  Ptolemy  extended 
tiie  known  world  to  16i  degrees  south  of  the  equator,  lie 
traces  at  this  latitude  the  antipariMd  of  Meroe,  a  place 
flitsated  at  16i^  to  the  north  of  the  equator;  he  divides  this 
arc  like  that  which  passes' through  Meroe,  and  marks  the 
meridians  by  drawing  right  lines  between  these  points  of 
division  and  those  of  the  equator.  This  projection  is,  as 
we  see,  only  a  rude  alteration  of  the  conical  projection; 
and  even  Ptolemy  prefers  another  method,  of  which  we 
shall  give  a  rapid  sketch.^ 

*  Lagrange,  Mem.  sur  U  ConstructioB  des  Cartes,  sect.  2. 

t  PtoL  Oeogr.  I.  cap.  «1.  t  Ptol.  Geogt.  i.  cap.  24. 
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The  eye  is  placed  in  the  plane  of  tiie  meridian  vhicb  di- 
^*  Tides  the  kno^n  world  through  the  middle,  and  on  the 
s  nd  prolongation  of  the  radius  of  the  sphere,  drawn  by  the 
raetbod  of  common  intersection  of  this  meridian  with  the  parallel  of 
Ptolemy,  gyene,  considered  to  be  the  mean  parallel  of  the  known 
world.  Consequently,  let  ABCD,  Fig.  35.  be  the  great 
circle  which  circumscribes  the  hemisphere,  containing  the 
world  known  by  Ptolemy;  let  A  and  C  be  the  poles, 
BFD  the  equator,  AFC  the  mean  meridian  of  the  known 
world,  and  E  its  point  of  intersection  with  the  parallel  of 
Syene ;  then  a  line  drawn  from  the  centre  T,  through  the 
point  E  to  S,  will  be  the  line  in  which  the  eye  is.  If  now 
a  great  circle,  of  which  BED  is  the  half,  is  drawn  through 
the  point  E,  the  eye  will  also  be  in  its  plane,  because  it  is 
in  its  common  intersection  with  the  plane  of  the  meridian 
AEC.  Hence,  Ptolemy  concludes,  that  the  semicircles 
BED,  and  AFC,  will  present  themselves  as  right  lines, 
which  cut  each  other  at  right  angles ;  that  on  the  contrary, 
the  equator  and  all  its  parallels,  seeing  that  their  planes 
have  the  same  inclination  to  the  plane  of  the  great  circle 
BED,  in  which  is  the  eye*  will  appear  as  arcs  of  parallel 
circles,  having  their  convex  part  to  the  south :  finally,  that 
the  meridians  situated  on  both  sides  of  the  mean  meridian 
AEC,  will  be  seen  as  ai'cs  of  a  circle,  the  concavity  of 
which  is  turned  towards  the  mean  meridian,  and  which  be- 
come more  and  more  concave  as  they  remove  from  it^' 
But  instead  of  developing  these  principles  conformably 
with  perspective,  Ptolemy  determines  the  lines  of  his  projec- 
tion according  to  arbitrary  proportions,  combined  so  as  to 
preserve  as  much  as  possible  the  configuration  of  the  coun- 
tries. 

**  Trace,"  says  he,  **  the  rectangular  parallelogram 
ABCD,  Fig.  36,  so  that  the  side  AB  be  double  the  side 
BD.  Cut  it  in  two  equally  by  the  perpendicular  £F, 
which  you  will  divide  into  90  paiis.  Prolong  this  line  by 
91  parts,  «  to  have  the  centre  L.  Take  FG  of  16  parts 
•/ff  to  trace  from  the  opening  LF  the  parallel  of  Meroe 
SX.    Make  GH  of  23  tV  to  have  with  the  radius  LH, 
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the  tropic  of  Cauicer  TT.  Take  6K  of  63  parts,  and  book 
fram  KL,  describe  the  parallel  of  Tbule  QR.  Bring  on  ^* 
these  three  parts  of  circumferences  TY,  QR,  SX,  the  de- 
grees  suitable  to  the  parallels  which  answer  to  them,  and  in 
the  relations  which  they  have  with  those  of  the  equator ; 
and  through  the  corresponding  points  QTS,  RXY,  &c. 
make  portions  of  circumferences  pass ;  they  will  be  the  me- 
ridiaiis  required. 

This  projection  is  also  employed,  though  with  essential  Modifica- 
modiflcations,  to  depict  considerable  parts  of  the  globe.  {emy^B  plol 
The  best  of  the  methods,  which  are  derived  in  some  sort  jecUon. 
from  that  of  Ptolemy,  is  that  employed  by  Flamstead  in 
bis  celestial  atlas,  the  improvement  of  which,  if  I  am  not 
mistaken^  is  owing  to  Bonne,  one  of  the  best  French  geo- 
graphers.   The  principles  of  this  development  are  to  de- 
scribe all  the  parallels  from  the  same  centre,  taken  in  the  axis 
of  the  map,  and  to  take  afterwards  on  each  parallel  the  de- 
grees of  longitude  as  they  are  given  by  the  law  of  their  de- 
crease, that  is  to  say,  proportional  to  tfie  cosine  of  their  lati- 
tude, and  last  of  all,  to  make  a  curve  line,  which  represents 
tilie  meridian  pass  through  the  same  series  of  corresponding 
points  of  division.    Whatever  be  the  position  of  the  centre 
on  the  axis  of  the  map,  this  projection  enjoys  the  property 
of  representing  by  equal  quadrilaterals,  each  corresponding 
^adrilateral  formed  on  the  surface  of  the  globe  by  any 
two  meridians  and  parallels  whatever.*    The  quadrila- 
terals, moreover,  have  two  of  their  opposed  sides  equal  in 
length  to  the  corresponding  sides  on  the  sphere,  though  dif- 
ferent by  their  curvature.    The  first  meridian  is  rectili- 
near, and  cuts  all  the  parallels  at  right  angles ;  the  rest  are 
corves  which  cut  them  more  or  less  obliquely  as  they  re- 
move from  the  principal  meridian ;  from  which  the  quadri- 
laterals they  comprehend  lengthen  in  the  direction  of  one 
tf  their  diagonals,  and  contract  in  the  direction  of  the 
other.    This  is  the  principal  defect  of  this  development; 

*  Mollweide,  D6monstr.  Analyt.  de  la  project,  kc.    Zacb.  Corresp.  Astron. 
VOL.  I.  8 
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BOOK    but  it  only  becomes  sensible  at  a  considerable  distance  from 
^*      the  centre  of  the  map. 
"^^""^      This  defect  was  very  sensible  in  Flamstead's  atlas,  bc- 
Fiam-       cause  that  astronomer,  having  prolonged  indefinitely  the 

Mojeciion.  ^^^^  ®^  ^^^  "**P»  ^^^^^  *^'*^  parallels  by  infinite  radii,  that 
is  to  say,  that  they  are  in  the  map,  right  lines  cutting  the 
meridians  of  the  exterior  of  the  map,  under  very  oblique 
angles;  whence  results  a  great  alteration  in  the  configura- 
tion of  the  countries  remote  frotn  the  centre,  as  may  be 
judged  from  Fig,  37. 
Correction  This  inconvenience  is  obviated  by  drawing  the  mean 
lection.'*"*'  pw^lcl  of  the  map  so  that  it  may  be  cut  perpendicularly 
by  all  the  meridians.  For  this,  it  is  sufficient  to  take  a 
right  line,  equal  to  the  cotangent  of  the  latitude  of  the 
parallel  which  divides  nearly  equally  in  the  direction  of  the 
meridians,  the  region  we  propose  to  i-epresent,  and  with 
this  right  line  as  a  radius,  to  describe  the  mean  parallel  of 
the  map ;  the  other  parallels  will  describe  themselves  from 
the  same  centre  with  the  same  radius,  augmented  or  dimi- 
nished by  a  quantity  equal  to  the  part  of  the  meridian 
comprised  between  the  mean  parallel  and  that  to  be  traced. 
It  is  unnecessary  to  say  that  we  should  also  make  the 
principal  meridian  of  the  map  agree  with  that  which,  in  the 
direction  of  the  parallels,  divides  the  map  into  two  equal 
portions.  It  is  a  principle  which  must  be  observed  in  all 
the  developments  of  the  globe. 

The  corrected  projection  of  Flamstead  being  now  the 
most  generally  adopted,  we  think  it  right  to  make  known 
the  processes  thereof^  according  to  the  method  adopted  ifi 
the  Depot  de  la  Ouerre.^ 
Tracing  of     Let  US  propose  to  apply  these  principles  to  the  develop- 
ftlad's       ™^°^  ^f  ^  spherical  semi-spindle,  the  angle  of  which  is  100 
projection  deg^rees,  new  measure.    The  development  will  be  the  projec- 
tion of  a  triangle  with  three  right  angles,  or  of  the  eighth 
part  of  the  surface  of  the  sphere.    In  Fig.  38,  let  Ca  be 
the  representative  radius  of  the  proposed  sphere,  and  a  0  a 

*  Puissant,  Traile  de  Topog.  p,  1J8. 
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lioe  perpendicular  and  equal  to  Ca.  If  from  the  point  a  book 
we  let  down  on  Co  the  perpendicular  ae^  it  will  be  the  ra*  ^* 
dins  of  the  parallel  at  the  lat.  of  50  dcg,  (new  measure),  tak-  — — ' 
ing  P  for  the  pole,  and  Q  for  a  point  of  the  equator.  This 
being  done,  we  may  consider  aO  as  the  side  of  a  cone-tangent 
to  the  sphere ;  and  then  the  surface  near  the  circle  of  contact 
wUl  coincide  sensibly  with  the  spherical  surface.  But, 
aince,  on  one  hand,  we  have  to  develope  only  the  quaiier 
of  the  circumference  of  which  ae  is  the  radius,  or  which 
comes  to  the  same,  the  quarter  of  the  curve  surface  of 
the  right  cone  which  has  O  a  for  side,  and  that,  on  the 
other  hand,  ae  is  the  sine  of  50  degrees,  when  the  radius 
aC  is  taken  for  the  total  sine,  we  shall  have  the  logarithm 
of  the  sine  of  50*  s  9,8494850,  and  the  sine  of  50**  s= 
0,70,711.  Then  i  of  the  circumference  which  has  for  radius 
Of,  is  =  1,1101627;  finally,  since  the  arc  a  M  fr,  (Fig.  39.) 
described  with  a  radius  aO^si,  should  have  for  length 
1,1101627,  we  shall  find  the  number  of  degrees  of  this  arc  by 
the  following  proportion : 

3,14  :  200*  :  :  1,  1101627  ;  x  =  70%  71. 
Such  is  the  value  of  the  angle  a  O  fr,  or  the  amplitude  of 
the  arc  ab.  Fig.  39.  Now,  if  we  wish  to  have  the  degrees 
of  longitude  from  5  to  5,  we  must  divide  the  arc  oft  into 
20  equal  parts,  and  the  middle  M  of  that  arc  will  be  on 
the  axis  OM  of  the  map.  But  as  it  is  not  possible  to  de- 
termine the  position  of  the  other  parallels,  as  well  as  the 
length  of  their  respective  degrees,  without  having  a  scale  of 
equal  parts,  constructed  according  to  the  number  of  metres 
contained  in  the  mean  radios  aC  of  the  earth;  a  radius 
which,  as  we  know,  is  =  6,366198  metres,  we  shall  pro- 
ceed previously  to  the  construction  of  this  scale.  For  this 
purpose,  we  must  bring  on  an  indefinite  line  mC,  Fig.  40, 
636  parts,  and  -f^  from  C  to  m,  and  must  take  a'  C  equal  to 
the  radius  aC,  Fig.  38 ;  then  through  all  the  points  of  divi*  Scale  of 
sion  of  the  line  mC,  are  brought  parallel  to  a'  m,  the  right  ^^  ™^^' 
Unes  xx^f  yy*,  &c.  The  line  a*  C  being  by  this  means 
divided  into  parts  proportional  to  mC,  we  form  on  thi9 
module  the  scale  of  the  Fig.  39. 
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BOOK       Having  thus  constructed  the  scale  of  the  map^  we  take 
^*       in  it  a  length  of  50  parts,  or  myriametres,  for  the  value  of 
the  degrees  of  the  meridian,  taken  from  6  to  5^  and  we 
carry  that  length  on  the  axis  of  the  mapt  ten  timea  above 
and  ten  times  below  the  mean  parallel  a  ft.  Fig.  59.     We 
then  describe  from  the  point  O,  as  centre,  indefinite  arcs* 
passing  through  all  the  points  of  division  of  the  axia  OM; 
we  as  then  have  the  parallels  from  5  to  5  degrees.    Fi- 
nally, on  each  parallel^  we  take  distances  equal  each  to 
five  times  the  value  of  the  degree  of  longitude^  known 
by  the  geographical  tables.    Thus,  on  the  parallel  of  55 
degrees,  the  length  of  the  degree  of  longitude  is  ^  myria- 
metres 49 ;  consequently,  we  must,  setting  out  x  oia  il.t^ 
axis  of  the  map,  and  on  both  sides  of  that  axis,  carv*y  ten 
times  the  interval  6,49  X  5  s  32  myriametres  45,  taket.  ^^ 
the  scale.    When  all  the  points  through  which  the  hk  n- 
dians  must  pass  have  been  determined  in  this  manner,  ii 
easy  to  trace  those  curves. 

It  must  be  confessed,  that  the  amplitude  of  the  arc  o. 
any  parallel  whatever,  determined  by  this  method^  will  be 
a  little  greater  than  it  ought  to  be^  since  we  give  to  the 
cord  of  an  arc  of  5  degrees,  the  length  itself  of  that  arc; 
but  the  error  which  results  from  it  is  the  less,  according  as 
the  curvature  of  the  parallel  is  smaller.    Moreover,  to  ob- 
tain a  rigorous  exactness,  we  may  determine  the  amplitude 
of  all  the  parallels  like  that  of  the  mean  parallel,  by  the 
angle  of  which  the  two  radii  brought  to  the  extremities  of 
that  parallel  form. 
Rcmarkon     Instead  of  taking  arbitrarily,  as  in  the  above  example 
the  mp.  ""^^^  radius  of  the  sphere,  the  length  is  most  commonly  fixed 
by  means  of  a  scale  constructed  beforehand,  the  parts  of 
which  also  are  in  a  determined  relation  with  the  metre.  For 
example,  in  the  Depot  de  la  Gfuerre,  the  scale  for  the  drawing 
and  engraving  of  the  map  of  each  of  the  four  parts  of  the 

world  is  2Q00000'  ^*^*  ^  *®  ®*y'  ^•^  2,000,000  metres 
taken  on  the  ground,  will  be  represented  on  the  map  by  the 
real  length  of  a  metre.    According  to  this,  the  radius  of 


MATHEMATICAI.  GEOGBAPHT.  117 

the  earthy  which  is  6,366198  metres,  will  be  only  on  the    book 
map  —2 — 5=  s™,  18.    Hence,  that  the  scale  of  this 


map  may  be  ^vided  from  10  to  10  myriametres,  or  from 
100000  to  100000  metres,  it  is  necessary  that  10  myria- 
metres  haye  5  centimeters  of  length.  The  Depot  de  la 
Buare  observes,  in  like  manner,  in  its  special  maps,  a  de- 
cimal progression  of  the  scale,  so  that  the  degree  of  lati- 
tude of  a  general  map  being  taken  for  unity,  that  of  the 
chorographic  map  should  be  represented  by  one  of  the 
numbers  2,  5,  or  10,  which  are  exact  divisors  in  the  deci- 
mal system.  By  this  means,  the  particular  maps,  are  per- 
fectly connected  with  the  general  maps,  seeing  that  the 
proportions  of  details  increase  from  one  to  the  other  map, 
in  relations  of  easy  calculation.  But  the  execution  of  those 
maps,  by  requiring  the  largest  size  paper,  increase  their 
price  too  much. 

The  various  modifications  of  the  conical  projection  having 
been  suflSciently  explained,  we  shall  now  consider  the  eylin- 
iriad  dtodopments  of  flie  surface  of  the  globe^  and  the  Cyiindri- 
marine  charts  deduced  from  them.*  opmenul 

The  prints  of  ihe  compasB  which  navigators  follow,  hav- 
ing the  property  of  cutting  under  the  same  angle  all  the 
meridians  which  they  traverse,  and  which,  for  that  reason, 
form  on  the  globe  the  spiral  named  loxodromiCf  are  neces- 
sarily projected  by  curve  lines,  of  the  same  kind  in  all 
maps  where  the  meridians  are  not  parallel.  This  is  de- of lozodr** 
mottstrated  by  Fig.  41,  in  which  we  see  a  half  of  a  hemi-  "^"^  ''°'''' 
sphere  projected  on  the  plane  of  the  equator.  Let  P  be 
Ae  nordi  pole,  AMB  the  equator ;  the  right  lines  drawn 
from  tiie  centre  to  the  circumference  are  meridians,  and 
flie  concentric  circles  represent  the  parallels.  Supposing 
tiie  navigator  wishes  to  go  from  C,  a  point  of  the  equator 
right  northwest,  the  course  of  his  vessel  must  constantly 
make  with  the  meridian  of  the  place,  or  with  the  line  north 

*  Neptune  Frmngais,  Disc,  prelim.     Bexout,  Court  de  Math^m.  Marine. 
Dobovr^uet,  Traits  det  Navig.  &c. 
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BOOK  and  south,  an  angle  of  45  deg.  (an.  meas.)  Supposing 
V-  him  to  be  arrived  at  6,  the  meridian  line  GNP,  preserves 
no  longer  its  parallelism  with  the  nKi'idian  CGj  if  he 
C4>ntinues  his  route  north-west,  keeping  always  the  angle 
of  45%  ho  will  reach  the  point  H,  to  the  point  from  J, 
and  will  thus  describe  the  loxodromic  curve  CG  H  I, 
which  constantly  approaches  the  pole,  without,  however, 
ever  reaching  it  The  greater  the  constant  angle  under 
which  the  route  cuts  the  meridians,  the  longer  the  loxo- 
dromic curve  becomes,  as  is  seen  in  Fig.  41,  by  the  line 
CRS.  It  is  plain  that  mariners,  who  must  direct  their 
courses  on  these  lines,  cannot  conveniently  trace  on  these 
maps,  neither  the  road  they  have  made,  nor  that  they 
have  still  to  run,  on  account  of  the  difficulty  of  measuring 
with  the  compass  the  arc  of  a  curve.  To  obviate  this  in- 
convenience, they  have  endeavoured  to  contrive  a  projec- 
tion of  maps,  in  which  the  meridians  should  be  right  pa< 
rallel  lines. 

The  development  of  a  cylinder  immediately  presents  it 
self  to  the  mind,  as  the  means  of  obtaining  such  a  projec- 
tion. When  we  merely  wish  to  trace  a  zone  of  very  littk 
extent  in  latitude,  it  is  evident  that  the  spherical  zone  may, 
without  any  sensible  error,  be  represented  by  the  develop- 
ment of  a  cylinder,  either  inscribed,  or  circumscribed  on 
that  zone,  and  the  axis  of  which  coincides  with  that  of  the 
globe.  The  meridians  which  will  result  from  the  sections 
of  the  cylinder,  by  planes  passing  through  its  axis,  are  re- 
presented by  right  lines  parallel  to  that  axis ;  the  planes  of 
the  parallels  cut  the  cylinder  accoi*ding  to  circles  parallel  to 
its  base,  and  which  become  right  lines  in  the  development 
Conitrpc-  Such  is  the  construction  of  flat  maps,  the  invention  of  which 
may*/*'"*i«  falsely  attributed  to  Don  Henry,  Infanta  of  Portugal, 
since  Marinus  of  Tyre,  anterior  to  Ptolemy,  condemns 
their  use,  and  has  attempted  to  modify  them.'*'  Their  de- 
fects are  analogous  to  those  of  the  conic  projection ;  they 
are  even  more  considerable;  for,  in  the  latter,  one  may 

*  Marin.  Tyr.  Ap.  Ptolem.  i.  20.    Comp.  Gosselin,  R«chprrhes  fur  la  GeogK 
des  Grecp,  li.  33.  579,  i.  46—50,  &r.  kr. 
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pre  two  parallels  their  true  length  with  respect  to  the  de-  book 
frees  of  latitude^  while  on  the  flat  map  this  proportion  can  ^* 
be  observed  with  respect  to  one  only ;  namely,  for  the  in-  — — - 
ferior,  in  the  development  of  the  circumscribed  cylinder, 
and  for  the  superior  in  the  development  of  that  which  is  in- 
scribed. It  is  true  that  one  may  avoid  this  inconvenience, 
by  employing  a  cylinder  constructed  on  one  of  the  interme- 
diate parallels,  which  would  be  partly  interior,  and  partly 
exterior  to  the  sphere ;  in  this  manner,  the  extent  in  longi- 
tude would  be  exact  towards  the  middle,  but  the  error  would 
be  divided  between  the  two  extremities.  Cylindrical  pro- 
jections have  even  been  attempted,  in  which  the  basis  of  the 
cylinder  would  be  any  vertical  circle  whatever  ;*  but  we 
shall  not  mention  them,  and  shall  merely  observe,  that  the 
parallel  which  serves  as  base  to  the  cylinder,  may  be  placed 
so  as  that  the  area  of  the  development  shall  be  equal  to  that 
of  the  spherical  zone. 

The  tracing  of  flat  maps  is  effected  without  difficulty, 
as  soon  as  the  position  of  the  terrestrial  parallel  to  be  de- 
veloped is  fixed ;  it  only  remains  to  give  to  the  degrees  of 
longitude  on  this  parallel,  the  size  they  ought  to  have  with 
respect  to  that  which  is  assigned  to  the  degree  of  latitude. 

The  line  HG,  Fig.  42.  being  supposed  parallel  to  the  Defects  of 
aris  CP,  and  equal  to  the  development  of  the  arc  BF,  will  ^**  "•P'- 
be  the  meridian  of  the  map  destined  to  represent  the  zone 
comprehended  between  the  parallels  of  the  points  B  and  F. 
The  development  of  the  mean  parallel,  the  radius  of  which 
is  E  e,  will  give  the  degrees  of  longitude.  This  figure 
shows  the  defect  of  the  map  on  the  extreme  parallels,  since 
tiie  radius  6  ;  is  smaller  ^^than  B  fr,  and  tlie  radius  H  h 
larger  than  F/. 

These  maps  can  only  serve  for  very  small  parts  of  the 
globe  5  the  least  defective  are  those  which  represent  the  re- 
gions near  the  equator,  because  at  a  little  distance  from  this 
cuxle  the  cosines  of  the  latitude  do  not  vary  much.  D' Anville 
made  use  of  them  in  such  a  case,!  but  it  was  almost  unique. 

•  Teztor,  daoi  Zach,  Corresp.  xviii.  190. 

+  Carte  de  Guinle,  1776.     D'Anville,  Consid.  Bur  la  Gtegr.  p.  30. 
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BOOK        Nonnius  remarked,  towards  the  middle  of  the  16th  cen- 
^-       tury,  the  defects  of  flat  maps.    Mercator^  who  had  just 
,  introduced  the  stereographic  projection  for  maps   of  the 
projectkl'nt  world,  Considered  that  mariners  do  not  employ    maps  to 
w  reduced  i^^^j^  tijg  jjgm^  of  countries,  but  only  to  trace  exactly,  ac- 
"*"**'        cording  to  its  length  and  direction,  the  course  they  have 
made,  and  to  determine  the  distance  they  are  from  different 
points  of  the  coasts,  with  the  courae  they  must  hQld  to  reach 
or  avoid  them ;  he  invented,  according  to  this  principle,  in 
1550,  the  projection  of  reduced  map$f  which  perfectly  sa- 
tisfies these  conditions,  and  of  which  Wright,   Oregoryf 
Halley,  and  others,  discovered  the  mathematical   theory 
long  after.^    The  meridians  are  here  parallel  right  lines, 
equidistant  and  cut  at  right  angles  by  the  parallels  to  the 
equator ;  but  the  intervals  which  separate  the  latter,  in- 
crease as  we  advance  towards  the  poles,  in  an  inverse  rela- 
tion to  that  which  the  diminution  of  the  degrees  of  longitude, 
(Fig.  43.)  follows  on  the  globe.  Hence  it  results  that  the  dis- 
tances  in  longitude,  measured  on  each  parallel,  have^  with 
respect  to  the  distances  in  correspondent  latitudes,  the  same 
relation  as  on  the  globe. 

The  tracing  of  these  maps  has  no  difficulty  but  the  con- 
struction of  the  scale  of  latitudes,  for  which  tables  have  been 
long  since  calculated  with  much  care,  and  even  with  an  al- 
lowance for  the  flattening  of  the  earth.  They  bear  the  name 
Tablet  of  of  tables  of  increasing  latitudeSf  on  account  of  the  augmenta- 
iatUodtiu^  tion  which  the  length  of  each  degree  of  latitude  has  in  these 
tables  in  proportion  as  it  approaches  the  pole.  As  the 
principles  according  to  which  these  tables  are  constructed 
cannot  be  rigorously  explained  without  the  aid  of  the  inte- 
gral calculus,  we  shall  confine  ourselves  to  an  observation 
on  the  nature  of  reduced  maps,  and  shall  indicate  here- 
after a  simple  enough  method  to  arrive  at  the  construc- 
tion of  these  tables  by  approximative  means.!  It  is  evi- 
dent that  we  must  not  look  in  them  either  for  the  relative 

*  Mollweide,  dans  Zacb,  Corresp.  xW.  490. 
t  Sec  Note,  p.  137. 
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extent  of  countries^  or  for  the  exact  image  of  their  configu-    book 
ration  I  for  this  projection  augments  considerably  the  re-       ^* 
gioDs  placed  towards  the  poles,  though  in  other  respects  it  — — — ^^ 
diares  with  the  stereographic  projection  the  property  of  pre- 
serring  their  similitude  to  infinitely  small  portions  of  the 
{lobe;  but  these  defects  have  no  inconveniences  in  maps, 
which  should  only  be  considered  as  instruments  destined  to 
resolve  geographically  the  principal  questions  in  naviga- 
tion»  which  they  do  with  the  greatest  exactness  and  facility, 
bj  means  of  geometrical  formulas  given  in  treatises  of  navi- 
gation. ^ 

It  still  remains  for  us  to  point  out  various  methods  of  P'op^r- 
tradngmaps,  which  have  not  the  development  of  a  figure  j«ctioni, 
for  their  basis,  but  only  calculations  of  proportion. 

The  most  remarkable  projection  of  this  kind  is  that  in-  Proiection 
Tented  by  the  celebrated  geometer  Lambert,"^  and  since  exa-  ben. 
mined  by  an  Italian  author.f  The  principal  condition  of 
lUs  projection  is  to  represent,  by  equal  spaces,  regions  of 
eqnal  extent.  To  construct  the  map  of  a  hemisphere  it  is 
concrived  to  be  divided  into  semi-spindles,  by  planes  brought 
through  its  axis ;  and  on  the  centre  of  the  great  circle  per- 
pendicular to  this  axis,  another  is  described,  the  area  of 
which  may  be  equivalent  to  that  of  the  hemisphere.  It  is 
easy  to  see  that  each  semi-spindle  will  be  represented  on  the 
circle  in  question  by  a  sector,  the  angle  of  which  will  be 
cqnal  to  that  formed  by  the  two  planes  which  comprehend 
&e  spindle.  This  is  shewn  in  Fig.  44.  in  which  P  repre- 
sents the  pole,  ABD  the  plane  of  the  equator,  APB  a  semi- 
spindle  comprised  between  two  meridians  and  the  equator ; 
the  circle  A'  B'  D'  is  that  the  area  of  which  is  equal  to  that 
ot  the  hemisphere  PABDE.  We  discover  also  without 
difficulty  that  the  radius  A'  C  must  in  general  be  equal  to 
the  cord  AP  of  the  arc  of  the  meridian  comprised  between 
the  pole  and  the  plane  which  terminates  the  spherical  dome 
to  be  represented. 

*  Lambert,  Mem«  sur  Tusage  des  Mathem.  voK  iii.    Observ.  sur  les  Cartes, 
<ect.  99.  Ma/er,  Introd.  &c.  sect.  52.  en  All. 
t  De  Lorgna,  Principi  di  Geogr.  &c.  Verona,  1789. 
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BOOK        In  the  polar  projection,  traced  according  to  this  principle, 
^      the  meridians  are  the  radii  of  the  circle  which  terminate  the 
Foiai  p*'    "**'* '  *'*^  parallels  are  concentric  circles  to  the  formery  de- 
jection,     scribed  Trom  a  radius  equal  to  the  cord  of  the  complement 
of  the  latitude;  the  quadrilaterals  formed  by  the  meridians, 
and  the  parallels  which  terminate  a  zone,  are  equal  and 
rectangular  as  on  the  sphere ;  and  for  this  reason  the  con- 
figuration of  the  countries  is  not  very  much  altered.    The 
distances  are  not  measured  immediately  by  the  right  line 
which  joins  the  two  points  compared,  but  it  does  not  differ 
much  from  them,  and  its  exact  value  may  be  pretty  easily 
described.    This  projection  is  also  very  easy  to  describe 
when  it  is  employed  to  represent  hemispheres  terminated  by 
the  equator ;  but  it  becomes  more  complicated  when  the  he- 
mispheres are  terminated  by  the  horizon,  because  we  must 
there  substitute  for  the  meridians  and  parallels  the  aximuth 
circles  and  the  almicantarats  (or  parallels  to  the  horizon) 
of  the  place  taken  for  centre  of  the  map,  circles  to  ^hich 
the  longitudes  and  latitudes  can  be  referred  only  by  a  con- 
struction or  particular  calculation. 
Equatorial     The  inconveniences  seem  less  in  the  projection  of  the 
projection,  hemispheres  terminated  by  the  meridian.    A  German  gee 
meter*  has  given  an  analysis  of  them,  from  which  the  foj^w- 
ing  graphic  process  has  been  deduced.    Trace  a  circlU  with 
the  radius  AC,  Fig.  45 1  cut  it  by  the  lines  AD  and  BE,  one 
representing  the  equator,  the  other  the  meridian  of  the  mid- 
dle of  the  map.    Mark  the  cords  representing  the  parallels 
by  dividing  the  semi-diameters  BC  and  EC,  each  according 
to  the  following  scale,  the  radius  AC  being  taken  for  unity. 

Latitude  10"  —  0,13681  Latitude  60'  —  0,76239 

20    —  0,27201  70    —  0,86191 

30    —  0,40397  80    —  0,94539 

40    ~  0,53094  90    —  1,00000 
50    —  0,65116 

Finally,  divide  both  the  equator  and  parallels  into  equal 

*  MoUwelde,  dans  Zacb,  Corresp.  xii.  160.    Voyei  les  Annales  das  Voyaget, 
Tol.  xiii.  • 
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partSy  and  carry  through  the  corresponding  points  of  divi-    book 
sion,  ellipses  representing  the  meridians.    This  projection      ^* 
has  some  resemblance  with  the  orthographic,  but  is  more  ■—"—*• 
easj  to  trace ;  it  disfigures  tlie  countries  infinitely  less,  and 
gifes  the  spaces  in  their  just  proportions. 

We  may  consider  as  an  arbitrary  alteration  of  this  pro-  Aittrfttion 
}K>rtional  projection,  the  method  of  which  the  idea  is  attri- j^/cU^of  ^* 
bated  by  Vaugondy  to  6.  de  L'lsle,^  but  which  is  indicated 
in  more  ancient  authors.f  It  consists  in  dividing  the  prin- 
cipal meridian,  the  equator,  and  the  circumference  of  the 
nap  into  equal  parts,  and  then  carrying  through  the  points 
of  division,  curves  representing  the  meridian  and  parallels. 
Arrowsmith's  maps  of  the  world  are  traced  according  to 
this  method,  which  has  nothing  particularly  recommendable* 

The  operatioQB  of  Cassini,  to  determine  the  figure  of  the  ProjectioB 
earth  by  the  measure  of  the  degrees  of  the  meridian,  and*"^^**^"** 
the  parallels,  gave  rise  to  a  very  important  kind  of  projec- 
tion, being  that  according  to  which  the  great  map  of  France, 
the  finest  geographical  work  ever  executed,  is  constructed.:): 

When  it  was  attempted  to  measure  a  degree  of  longitude, 
the  difficulty  was  experienced  of  tracing  exactly  on  the  earth 
a  paraUel  to  the  equator.  In  fact,  if,  by  a  line  directed  by 
iBeanB  of  vertical  pegs,  and  perpendicular  to  the  meridian  of 
a  place,  we  determine  a  series  of  points,  it  is  evident  tha^ 
5'':'po6uig  the  earth  spherical,  they  will  belong  to  the  great 
circle  determined  by  the  vertical  plane,  drawn  perpendi- 
cdarly  to  the  meridian  in  question,  and  which,  on  the 
^^f  answers  to  the  celestial  circle,  named  first  verticaL 
The  parallel  soon  separates  from  this  circle,  which  it  only 
touches  at  the  point  where  it  cuts  the  meridian.  In  a  sphe- 
roid, the  curve  perpendicular  to  the  meridian  has  a  double 
cvrature,  and  an  inquiry  into  its  properties  has  occupied 
several  geometers.^ 

The  meridian  and  its  perpendiculars  being  the  lines  most 

*  R.  Vaugondy,  Inslit.  Oeogr.  324,  Puitsant,  Topogr.  133. 
^  Fournler,  Hydrogr.  1.  xiv.  ch.  80. 

t  Caisiniy  Acad,  des  Sciencei,  1745. 

*  M^m.  de  I'Acad.  des  Sciences,  1733, 
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BOOK    easUy  traced  by  astronooiical  and  geodesical  operatioiiSi  ij 
^*      is  to  the  meridian  of  the  observatory  at  Paris  and  to  its  per- 
pendiculars  that  the  points  of  the  map  of  France  arc  imme- 
diately referred ;  their  latitudes  and  longitudes  were  onl; 
concluded  a  posieriorU  and  by  calculation.* 
Propertiei      To  form  an  idea  of  the  manner  in  which  this  projection 
jtctionf '^  represents  the  terrestrial  spaces,  we  must  observe,  that  the 
great  circles  perpendicular  to  the  meridian,  (supposing  the 
earth  spherical,)  all  cut  each  other  at  the  poles  of  this  meri- 
dian, and  consequently  converge  towards  each  other,  while, 
on  the  map,  where  the  same  meridian  is  a  right  line,  thej 
become  parallel  among  themselves.    It  thence  results  that 
tiie  portions  determined  by  two  circles  perpendicular  to  the 
meridian  are  represented  by  rectangles  of  the  same  lengthi 
but  broader  towards  the  extremities.    Thus  their  distances 
and  their  areas  can  be  measured  immediately  on  the  map  of 
France  only  by  approximation ;  and  though  the  extent  in 
longitude  is  not  considerable  enough  for  the  convergence  of 
tiie  perpendiculars  to  the  meridian  to  induce  an  important 
error,!  we  must  be  cautious  in  the  employment  of  this  pro- 
jection, which. is  only  excellent  for  tiie  immediate  assem- 
blage of  trigonometrical  surveys.    Several  German  geome- 
ters have  calculated  formulas  and  tables  to  render  its  ose 
more  sure,  and  correct  its  errors.^ 
^ndie  of     It  is  to  arbitrary  developments  of  the  globe  that  we  must  j 
trial  giobel  refer  the  construction  of  the  ^pindUSf  which   are  traced 
on  paper,  to  cover  globes  that  are  not  very  large.    The  j 
surface  of  the  globe  is  divided  into  li  or  18  parts,  accord- 1 
ing  to  the  size  of  its  diameter,  by  drawing  meridians,  of  SO 
to  30%  or  of  80  to  20''.    The  space  comprehended  between , 
two  of  those  meridians,  having  very  little  curve  in  the  di- 1 
rection  of  its  breadth,  may  be  considered  as  forming  part 
of  a  cylindrical  surface  circumscribed  to  the  sphere,  accord*  i 

*  Du  Sejour,  Traite  Analytique  des  Mouvemens  apparens  des  Corps  cel«st(% 
.  t.  ii.,  and  the  Description  Geometrique  de  la  France,  by  Cassini. 

t  They  extend  in  the  extremities  of  Cassini's  France  to  150  toises  in  40)000. 
Barbie  du  Bocage.    Topog.  Mem.  da  Depot  de  la  Guerre,  1,  S3. 
%  Zach,  Correspond. 
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iBg  to  the  meridian  which  divides  it  into  two  equal  parts,    book 
This  meridian  is  developed,  and  by  carrying  perpendicu-      ^* 
larly  (like  ordinates)  on  each  side  the  semi-breadths  of  the  — " 
portions  of  parallels  comprehended  between  the  meridians 
ihich  terminate  the  spindle,  we  obtain  the  form  of  the  lat- 
ter.   Sometimes  it  is  truncated  at  the  two  extremities  at 
15  or  20  degrees  from  the  poles,  and  these  two  zones  or 
spherical  domes  are  traced  apart,  considering  them  as  if 
they  were  flat.    This  process  is  only  an  approximative  me- 
chanism, which  facilitates  the  fabrication  of  globes,  and  de- 
serres  no  farther  notice.    Let  as  only  express  our  wish  that 
some  able  mechanician  would  invent  the  means  of  giving 
more  exactness  to  the  engraving  of  globes,  at  the  same  time 
that  the  advantage  of  the  multiplication  of  copies  is  pre- 
serred. 
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Ccntinuatian  of  the  Theory  of  Geography.  ConHnualiaii 
and  end  of  the  Theory  of  Oeographical  Maps*  Of  tht 
choice  and  a$$embU^e  of  Details. 

In  vain  would  geometry  have  taught  us  so  many  and 
such  ingenious  methods  of  tracing  maps  in  a  manner  con- 
formable to  the  wants  of  geography,  if  we  could  only  insert 
in  these  pictures  of  the  globe  incomplete  images  of  the  differ- 
ent countries.  All  our  projections  would  then  be  only  what 
the  rules  of  perspective  are  to  a  sign-painter.  It  is  the  no- 
velty, the  exactness,  and  richness  of  details,  which  distin- 
guish a  learned  map  from  those  unformed  sketches,  the  con- 
trivance of  which  is  confided  to  ignorance.  To  compose  a 
good  map,  we  must  know  how  to  choose,  and  to  assemble 
the  details  which  will  form  its  merit 
Choice  of  The  first  object  of  consideration  for  the  designing  geo- 
SSieictie.S^ApliCi*  is  to  determine  the  kind  and  the  object  of  his  map. 
Is  it  general?  does  it  embrace  a  vast  portion  of  the  world  ? 
He  chooses  a  large  paper,  and  employs  a  projection  such  as 
the  different  modified  conical  projections,  which  hardly  aliens 
the  configurations.  Does  he  wish  to  construct  a  map  of  the 
'worldt  destined  for  the  studies  of  astronomical  geography  ? 
He  uses  the  horizontal  stereographic  projection.  Is  it  to 
be  applied  to  physical  geography  ?  He  prefers  the  develop- 
ment of  it  on  a  single  meridian,  placing  the  new  continent 
to  the  right,  not  to  interrupt  the  connexion  of  the  contineots. 
In  special  maps,  where  an  empire  or  province  is  traced,  the 
choice  of  the  projection  seems  more  indifferent,  because  the 
defects  of  all  the  methods  diminish  when  the  map  embraces 
only  a  small  portion  of  the  surface  of  the  globe.    Neverthe- 
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less  there  are  advantages  and  inconveniences  which  flow  book 
from  the  nature  of  projections,  and  which  we  have  indicated  ^^ 
in  the  preceding  book;  there  may  be  also  one  projection 
which,  with  respect  to  the  paper,  will  oblige  the  geographer 
to  admit  into  his  mao  more  countries  foreign  to  his  princi- 
pal object  than  another ;  but  it  is  essential  to  avoid  such 
projections^  because  they  diminish  tlie  scale  of  the  map ; 
tiiat  is  to  say,  the  proportion  between  the  image  and  the 
object  represented.  Mariners  who  point  their  route  on 
maps,  say*  instead  of  great  and  small  scale,  great  and  iniall 
point,  an  expression  properly  applied  only  to  reduced 
maps* 

The  impossibility  of  admitting  into  a  mapr  even  of  very 
great  dimensions,  all  the  details  relative  to  topography,  ne- 
cessitates a  choice  among  those  details,  which,  however,  it 
Is  impossible  to  subject  to  general  rules.     One  map  is  des-  Political 
tilled  to  shew  the  political  limits  of  states,  and  the  boun-  cJjf  ,SjjJ.* 
daries   of  provinces,  with  their   chief  towns;   another  is 
destined  to  shew  the  chains  of  mountains  and  the  branches 
of  rivers ;    and  these  two  classes  still  admit  of  sub-divi- 
sions.   A  military  map  is,  in  reality,  only  a  pertect  and  Military 
detailed  topography;  the  warrior  should  find  in  it  every '"*^* 
road  in  which  he  can  advance,  either  with  artillery,  or  only 
^rtth  his  musket;  every  ford  in   a  river,  every  defile  by 
which  he  can  turn  the  position  of  an  enemy ;  in  a  word, 
tkese  maps  should  exhibit  all  the  localities  which  can  influ- 
ence his  operations ;  the  number  of  good  military  maps  is 
tberefore  very  limited.    It  is  in  great  part  to  the  excellence 
of  those  supplied  by  the  Depot  de  la  Guerre^  that  the  French 
amies  owe  their  successes.     A  learned  geometer,  deeply 
skilled  in  the  art  of  war,*  had  made  a  list  of  the  French 
generals,  in  which  he  estimated  their  talents ;  opposite  an 
illustrions  name  was  often  this  note.  He  is  wM  acquainted 
"Biih  the  map.    The  importance  of  geographical  studies  for 
i    the  leaders  of  armies   was  felt  by  the  ancients,  and  the 

*  M.  Carnot.  Comp.  Zach.  Corresp.  Astron.  i.  520. 
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VI. 


Nauticftl 
mapi. 


Scientific 


Romans  knew  well,  '^  that  localities  freqaentlj  influence  vie- 
tory  more  than  courage  and  numbers.''* 
'  Other  branches  of  government  equally  require  maps,  es- 
pecially consecrated  to  a  particular  object  Those  of  the 
waters  and  forests,  for  example,  should  always  be  consulted 
as  a  beacon  in  cultivation ;  and  in  this  respect  the  states  of 
Germany  have  hitherto  had  advantages  over  France.  What 
a  military  map  is  for  the  {ground,  nantical  mapB  are  for  the 
seas ;  they  even  interest  the  physical  geographer,  as  they 
represent,  though  very  imperfectly,  the  irregularities  of  the 
bottom  of  those  basins  covered  with  water  which  occupy  so 
vast  a  portion  of  the  globe.  The  roclLS,  reefs,  sand-banks, 
scattered  through  the  seas,  are  sub-marine  mountains  and 
hills ;  and  a  complete  knowledge  of  them  would  throw  great 
light  on  the  geography  of  the  terrestrial  mountains.  Un- 
fortunately nature  seems  to  forbid  the  hope  of  oar  ever  com- 
pleting that  part  of  geography.  <'  Navigators,'^  says  a  ce- 
lebrated mariner,!  **  can  only  answer  for  the  routes  they 
have  made,  or  the  soundings  they  have  taken ;  and  it  is  pos- 
sible, that,  on  the  finest  seas  they  may  have  past  dose  beside 
banks  or  shoals  where  there  were  no  breakers  (that  is  to  sar, 
whose  existence  was  not  betrayed  by  the  foam  of  broken 
waves.")  The  maps  of  rivers  present  in  detail  all  the 
branches  of  a  stream,  and  all  the  circumstances  of  its  course. 
They  are  comprised  with  nautical  maps,  under  the  general 
appellation  of  hydrographic. 

There  are  also  maps  of  botany,  mineralogy,  geology,  and 
even  of  zoology,  the  object  of  which  is  to  show  the  geogra- 
phical distribution  of  the  productions  of  nature  ;\  there 
are  some  which  their  authors  decorate  with  the  name  of 
historiadf  and  which  are  intended  to  show  the  migrations 
of  nations,  and  the  changes  of  sovereignty  ;^  finally,  there 
are  few  objects,  the  reduction  of  whose  relations  of  locality 


•  Veget.  De  Re  Milit.  iii.  c.  26.        t  La  Perousc,  Voy.  ii.  ch,  ii.  p.  54. 
%  Ritter,  Cartas  Physiques  de  I'Europe. 

♦  The  Historical  Atlas,  by  Kruse,  in  German,  is  the  best  work  of  this  kind. 


MATHSMATIGAl  GS06BAPHT.  129 

has  not  been  aftbempied  in  the  fiNW  of  maps.    But  the  com-    Mok 
position  of  these  sorts  of  tables  is  subject  to  rules  derived      ^'* 
from  adenoes  foreign  to  geography.  — ^— 

AU  maps  are  not  intended  to  advance  our  knowledge 
by  the  publication  of  new  details,  or  by  greater  exactness. 
Public  instruction  requires  dementan/  laaps,  the  merit  of  Eiemenu- 
which  consists  in  rmdering^  in  a  faithful  and  complete  man*  ^  "^^^- 
Mt,  truths  already  known,  and  in  which  it  were  to  be 
widied  a  system  of  engraving  might  be  adopted,  leao  ele- 
gant ud  less  costly  than  what  the  refined  taste  of  the  pub- 
lic reqnires.  The  essential  point  in  an  dementary  aOaSf  is 
sot  to  display  on  a  great  scale  maps  full  of  details,  and  of 
lainntB  exactness,  but  rather  to  exhibit,  in  a  series  of  small 
tat  nuBMreus  mi^s^  tte  complete  assemblage  of  the  princi- 
ples of  the  science. 

After,  having  duly  reiected  on  bis  object,  the  designer 
has  to  collect  and  combine  ttie  details  necessary  to  fill  his 


Good  astronomical  observations  here  hold,  without  dis-  Employ 
putB,  the  first  rank;  but  how  difficult  is  it  to  judge  wbether  "^^^ 
an  observation  be  good !  How  many  inconsiderate  changes  micai  ob- 
bavebeen  introduced  into  geography  by  the  employment  ^J^' 
of  longitudes  badly  observed  or  ill  calculated !  Above  alU 
bow  many  errors  are  owing  to  the  careless  use  of  the  chro- 
nometer !  We  have  indicted  the  different  methods  by  which 
tbe  astronomer  assists  in  fixing  the  geographical  positions  of 
torrestrial  places  ^  but  the  value  of  an  observation  does  not 
depend  sidely  on  the  goodness  of  the  mefliod ;   to  appre- 
ciate it  we  must  know  all  the  processes,  and  all  the  circum- 
stances^ and  submit  these  details  to  a  minute  criticism,  and 
to  carofnl  calculations.    In  a  word,  we  must  imitate  the  ex- 
aaple  of  Oltmanns,  in  his  Researches  on  the  Observations 
of  Humboldt    It  is  in  studying  the  work  of  this  geome- 
te,|  that  geographers  may  learn  all  the  rules  of  sound  cri- 
ttcism  with  respect  to  astronomical  data.    The  true  geogra- 
pher ought  to  be  almost  an  astronomer.    Tbns  we  every- 

*  AboTt,  b.  i.  1  Voyage  de  Humboldt,  part,  astron. 
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Boolt    where  recognise  that  fraternal  tie  which  unites  all  the  sci- 
^1*      ences  by  rendering  them  necessary  to  each  other ! 
■"■"""""^     The  second  and  the  richest  soorce  from  which  geogra- 
phers draw  the  details  of  their  laps,  is  triangalation;  we 
have  given  an  idea  of  it  in  speu^^ing  of  the  measnremoDt  of 
the  earth  by  Picard.* 
Employ-        When  the  position  of  a  certain  nvmher  of  pMots  has 
ge^eticai  ^^^^  ^^^>  either  by  astronomical  obsenrationsy  or  trigono- 
measures,  motr^al  measures,  it  is  easy  to  connect  with  these  prints 
the  particular  plans  taken  on  the  ground,  and  which  exhi- 
bit the  localities  in  detail.    But,  as  the  art  of  drawing  j^ans 
on  the  ground  depends  in  great  part  on  principles  fM«ign  to 
geography,  we  shall  content  ourselves  with  indicatiBg  mere- 
ly some  practical  means  employed  by  geograplMrs  for  con- 
structing a  topographical  map  from  partial  surveys.    The 
reader  who  wishes  for  detailed  instructions  on  trigonome- 
trical subjects,  cannot  do  better  than  to  have  recourse  to 
the  excellent  Treatise  on  Geodesy  by  the  learned  and  inge- 
nious Puissant 

When  we  wish  io  construct  a  map  by  connecting  together 
ptens  taken  separately,  it  is  necessary  that  each  of  tiiese 
plans  should  have  at  least  two  poivts  in  common  with  that 
to  which  it  is  to  be  jmiied ;  or,  which  comes  to  Ike  aime, 
there  must  be  a  line  determined  both  in  sine  and  position 
in  one  which  can  be  applied  to  a  similar  line  in  the  other. 
Then,  by  drawing  on  the  paper  destined  to  form  the  ge- 
neral plan  that  direcHng  ttne,  so  tiiat  there  may  be  on 
each  side  a  space  proper  for  comprising  each  of  liie 
plans,  it  will  be  easy  to  refer  to  this  general  plan  all  the 
points  that  have  been  determined  on  the  partial  plans,^  by 
attaching  them,  by  triangles,  to  any  two  points  taken  on 
the  directing  line,  or  combining  them  witii  any  point, 
the  position  of  which  has  been  fixed.  If  there  is  to  be  a 
reduction,  as  almost  always  happens,  the  triangles  of  the 
topograplucal  plan  must  be  made  similar  to  those  formed 
on  the  basis  of  the  surveys ;  but  so  that  the  sides  of  the 

•  Above,  b.  ii. 
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fomier  may  be  to  those  of  tbe  latter  in  the  relation  which    book 
the  reduction  to  be  made  requires.  ^^* 

When  the  sheets  of  the  surveys  are  orienties,  that  is  to 
say,  when  on  each  sheet  the  direction  of  the  meridian,  either 
tbe  true  or  the  magnetic,  has  been  marked,  the  points  of 
each  plan  are  referred  to  the  meridian,  and  to  a  perpendicu- 
lar brought  on  that  line  by  a  point  common  to  two  conti- 
gootts  plans.  The  distances  are  measured  from  all  the 
points  to  each  of  these  right  lines  parallel  with  tbe  other ; 
and,  either  preserving  these  distances  as  they  were  found, 
or  reducing  them  in  the  relation  required,  they  are  brought 
on  tbe  meridian,  and  the  perpendicular  drawn  in  tlie  topo- 
graphical plan  to  represent  those  which  are  common  to  the 
collected  plans.  This  method  of  constructing  graphically  Reduction 
the  general  map  after  the  plans  of  the  surveys,  has  given  ^^  *^*^"*^' 
rise  to  a  mechanism  of  reduction  known  by  the  name  of 
trellb ;  it  is  very  convenient  for  bringing  together  the  de- 
tails of  the  map,  but  siMNild  not  be  used  for  fixing  the  posi- 
tion of  the  principal  points.  This  operation  consists  in 
dividing  the  plans  that  are  to  be  united  in  squares,  by 
lines  parallel  and  perpendicular  to  that  which  is  common 
to  tiiose  plans  ^  the  more  these  squares  are  multiplied,  the 
better  we  perceive  the  place  occupied  in  each  square  by  tlie 
points  and  turns  contained  in  it,  the  more  easy  also  it  is  to 
refer  them  to  the  corresponding  squares  traced  on  the  plan 
of  reduction  or  of  assemblage.  Fig.  46.  represents  this 
operation.  The  leaves  ABCD,  EFGH,  having  for  com- 
mon lines  the  right  lines  CD  and  £F,  are  divided  into 
squares,  the  sides  of  which  are  parallel  and  perpendicular 
to  those  right  lines;  the  plan  of  assemblage  a  ft/ e,  is  di- 
nded  in  the  same  manner,  with  respect  to  the  line  c  d,  which 
rqyresents  the  common  right  line,  but  the  sides  of  each 
square  are  the  halves  of  those  of  the  plans  ABCD,  EFGH, 
so  that  tbe  objects  marked  on  these  leaves  are  reduced  on 
tiie  plan  of  assemblage  to  a  half  of  tiieir  former  dimensions, 
and  to  a  space  which  is  only  the  quarter  of  that  they  first  fil- 
led. To  reproduce  the  design  traced  on  each  of  the  primitive 
plans,  either  it  may  be  imitated  at  sight,  in  the  correspond- 
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BOOK    ing  squares  of  the  leaves  ABCD,  EF6H,  or  eke,  for  more 
^''      exactness,  marks  are  made  on  each  of  the  sides  of  the  latter, 
and  transferred  to  the  others.    If  we  wish  to  preserve  ex- 
actly the  designs  that  are  to  be  copied,  we  may  place  apon 
them  a  very  smooth  piece  of  glass,  and  of  equal  transparen- 
cy, on  which  squares  are  traced  with  a  diamond,  and  after- 
wards two  perpendicular  lines  are  made  to  coincide  together 
on  those  which  are  to  serve  for  the  assemblage  of  the  col- 
lected plans,  or  on  the  points  which  determine  them. 
Chorogr«.      After  having  thus  formed  the  topographical  plans  by  the 
phic  maps,  assemblage  of  the  various  plans  of  the  surveys,  chorogra- 
phic  maps  are  formed  from  them,  not  only  by  assembling 
the  plans,  but  by  submitting  them  likewise  to  the  laws  of 
the  projection  that  has  been  adopted.    For  this  purpose,  the 
meridians  and  the  parallels  are  traced  on  those  plans  in 
right  lines,  as  those  circles  are  when  only  a  portion  infi- 
nitely small  is  considered.    The  corresponding  quadrilate- 
rals are  also  described  on  the  frame  of  the  map  to  be  con- 
structed, but  conformably  to  the  laws  of  the   adopted 
projection ;  there  is  then  nothing  farther  but  to  design  in 
these  quadrilaterals  what  is  contained  in  the  squares  com- 
prised between  the  meridians  and  the  parallels  of  the  topo- 
graphical plans.    If  we  wish  for  extreme  precision,  we  take, 
with  respect  to  the  sides  of  the  squares,  the  distances  of  the 
principal  points  inclosed  in  them ;  these  distances  are  con- 
verted into  subdivisions  of  the  degrees  of  longitude,  and  si- 
milar ones  are  taken  afterwards,  setting  out  from  the  paral- 
lel and  the  meridian  contiguous  to  the  corresponding  qua- 
drilaterals on  the  map. 
or  plans        Two  circumstancos  may  stop  the  geogra^er  in  this  ope- 
iM^and^'  ration.    It  may  happen  that  the  topographical  plan  may 
without  a  not  be  arieniif  or  having  been  so  by  the  direction  of  the  mag- 
'^^'^*       netic  needle,  only  we  do  not  know  what  was  the  declinationof 
the  compass  at  the  time  when  the  plan  was  taken  and  reduced. 
This  element  may  be  supplied  when  the  plan  contains  two 
points,  of  whif;h  the  respective  position  is  known,  for,  by  join- 
ing these  two  points  by  a  right  line,  we  have  the  angle  which 
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018  right  line  makes  with  tiie  meridian,  and,  conseqaentlji  book 
we  nuy  fix  its  place  with  respect  to  the  meridiant  or  con-  ^'* 
stmct,  hy  means  of  the  given  angle,  the  meridian  of  the 
plan*  One  mayl  recover  also,  by  similar  means,  the  scale  of 
a  topographical  map  which  is  wanting;  for,  l^nowing  the 
distance  of  two  points  of  this  map,  we  have  only  to  divide 
flie  line  which  joins  those  two  points  into  parts  proportional 
to  die  itinerary  measures  contained  in  this  distance;  then  it 
becomes  the  scale  of  the  map,  and  shews  the  respective  dis- 
tances of  all  the  other  points. 

Chorographic  maps  are  reduced  into  general  maps  by  a  General 
process  analogous  to  that  we  have  just  explained;  we  bring  ^*^' 
on  tiie  quadrilaterals  formed  by  the  meridians  and  the  paral- 
lels of  flie  general  map,  what  is  contained  in  the  correspond- 
faig  quadrilaterals  of  the  chorographic  maps  we  wish  to  as- 
semble. But  here  the  necessity  of  geographical  criiicMm 
9fpt»n;  here  it  is  that  the  designer,  quitting  the  humble 
part  of  a  copyist,  should,  by  his  knowledge  and  researches, 
and  especially  by  liis  intelligence,  supply  the  imperfections 
of  topographical  data.  Sometimes  it  is  errors  he  has  to 
correct,  sometimes  deficiencies  to  fill  up ;  most  commonly 
tiiese  two  inconveniencies  are  combined  together. 

It  may  happen  that,  in  the  topographic  plans  employed  Correction 
in  Oe  construction  of  chorographic  maps,  there  may  he  er-  to]^^,!!  ^^ 
rors  common  to  all  the  points,  as  distances  too  smaU  or  too  pby. 
great  in  the  same  direction,  and  these  errors  may  have  been   . 
accumulated  on  the  chorographic  maps,  and  afterwards  on 
tbe  general  map;  the  g^reat  spaces  which  it  represents  are 
dien  either  considerably  narrowed,  or  considerably  length- 
ened, without  the  geographer  himself  being  able  to  perceive 
it    In  this  case,  the  geographer  will  connect  the  details  of 
the  general  map  with  the  different  points,  the  latitudes  and 
longitudes  of  which  are  known  by  astronomical  observa- 
tions; these  points  determine  on  the  map  spaces  into  which 
the  intermediary  details  will  necessarily  fit,  sometimes  the 
excess  or  defect^that  is  found  may  be  attributed  to  the  im- 
perfection of  the  mechanical  processes  employed  for  the  as- 
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BOOK    scmblagc  of  the  maps;  but  then  tiiere  is  no  otiiar  way  but 
^  I*      to  divide  tlie  diflTcrcnces  among  all  the  points  of  each  par- 
tial  plan,  ^vhicli  will  render  the  errors  less  sensible. 
Employ.        The  geographer  unfortunately  is  but  too  often  deprived 
UTrr.y^riu^®'  astronomical  obscrvatious  and  trigonometrical  surveys,* 
lances.      there  are  only  a  few  countries,  as  France,  England,  Den- 
roarkf  Holland,  and  Hungary,  which  have  been  surveyed 
trigonometrically  in  their  whole  extent ;  there   are  still 
some  European  provinces  where  no  astronomers  have  been. 
Geography  is  obliged  therefore  to  have  recourse  to  itinera* 
ry  distances,  always  very  difficult  to  estimate  in  a  rigor- 
ous way,  even  when  we  know  exactly  the  value  of  the  mea- 
sures in  which  they  have  been  calculated.    This  science 
is  as  yet  very  little  advanced,  either  on  account  of  the  im- 
mense number  of  measures  to  be  compared,  or  on  account 
of  the  variations  to  which  they  are  subject,  or,  finally,  with 
i*espcct  to  many  ancient  measures,  because  the  autlientic 
modules  are  wanting.* 

We  have  already  seen  that  there  are  various  opinions  on 
tiic  manner  of  estimating  the  stadia  of  the  ancients,  and  that 
it  is  still  doubtful  if  they  should  be  considered  as  astrono- 
mical modules  or  local  measures.  We  find  in  the  ancients 
one  passage  in  three  which  does  not  allow  us  to  admit  the 
first  supposition,  unless  by  adopting  the  most  violent  and 
innumerable  corrections,!  or  by  the  admission  of  an  impro- 
bable mixture  of  difierent  stadia;  in  the  second  hypothesis^ 
which  to  us  appears  preferable,  we  do  not  yet  perceive  the 
basis  from  which  to  set  out;  we  are  on  the  right  road  but 
surrounded  with  profound  darkness.  However,  thisobscorily 
is  better  than  the  false  glimmer  of  an  hypothesis  void  of 
proof;  and,  besides,  why  should  we  be  surprised  at  the 

*  Traite  des  Mesures  lUo^raires  dee  Anciens,  par  d'AnTillc.  Okflervatioor, 
&r.  par  Gosselln,  en  avant  de  la  traduction  Fran^aise  de  Strabon.  Trait^  dcs 
Mesures,  par  Roin^  de  VUle.  M^trolagie  constiiutionnelle,  par  Paucton. 
Traite  des  Monnaies,  des  Mesures,  &c.  par  Gerard  Kruse,  en  Alleraand.  Sc« 
the  Tables  at  the  end  of  this  Volume. 

t  See  the  Notes  of  the  French  Translation  ofStrabo. 
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doubts  io  which  ancient  metrology  is  enveloped,  when  wc  book 
know  that  evra  modern  measures  present  cases  in  which  it  ^^ 
is  difficult  to  reduce  them  ?  Undoubtedly  we  know  exactly 
the  relations  of  the  measures  most  commonly  used  in  capi- 
tal townsy  and  cited  in  the  works  of  the  learned :  we  know, 
for  example,  the  value  of  the  English  mile,  and  of  the  nau- 
tical mile,  the  degree  of  the  meridian  containing  69  of  tlie 
former  and  60  of  the  latter;  we  know  also  that  the  Eng- 
lish fbot^  being  equal  to  0,9384  of  the  French  foot,  is  1 1 
iuches  3  lines,  1,  and  that  the  yard  used  in  England  for 
measuring  ^hort  distances  is  three  feet  English ;  we  conse- 
quently conclude  that  the  yard  represents  33  inches,  9 
lines,  3  of  France.  Similar  reductions  give  the  means  of 
converting  into  each  other  the  measures  generally  in  use  in 
great  states ;  but  there  are  besides,  in  the  provinces,  local 
measures  little  known,  and  with  respect  to  which  multiplied 
researches  must  be  made  to  obtain  their  relation  with  the 
others,  either  by  comparing  their  components  with  the  best 
fixed  unities,  or  by  setting  out  from  some  distance  valued  in 
local  measure,  and  known  in  geographical  measures.  In 
France,  for  example,  nothing  formerly  varied  more,  than 
the  length  of  a  league  between  one  province  and  another. 
The  perch  even,  which  serves  for  surveying,  was  sometimes 
22  feet*  sometimes  only  18.  The  new  metrical  system  wi)l 
prevent  any  such. confusion  in  future.* 

When  we  know  the  value  of  the  measures  in  which  an  Tracing  of 
itinerary  is  conceived,  the  direction  of  the  route  is  marked  ^  °i^uticai 
after  the  points  of  the  compass.  When  we  have  the  length 
and  the  direction  of  a  route,  setting  off  from  a  point,  the 
position  of  which  is  given,  we  very  easily  find  that  of  the 
point  where  this  route  terminates.  In  the  first  place,  when 
the  route  is  not  considerable,  one  may,  in  the  space  it  tra- 
verses, neglect  the  curvature  of  the  earth,  that  is  to  say,  con- 

*  Since  this  was  written,  M.  Uckert,  a  professor  at  Gotha,  has  attempted  to 
prove,  In  a  learned  manner,  that  the  ancients  only  used  one  kind  of  siadtum, 
that  of  OlynqMa,  and  Uiat  aU  the  differences  and  contradictions  in  point  of  mea* 
'ures  proceeded  firon  the  imperfect  means  they  were  obliged  to  employ.    Ed. 


route. 
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BOOK    aider  the  meridf  ans  as  pandlel  wifli  each  oflier,  and,  conse- 
^^*     quently,  the  points  of  the  compass  as  right  lines.     To  con- 
struct  this  route  on  a  flat  map,  it  is  then  soflicient  to  draw^ 
through  the  paint  of  departurtt  a  line  which  may  malce 
with  the  meridian  of  this  point  an  angle  equal  to  that  which 
the  point  of  the  compass  followed  gives,  and  to  cany  on  that 
line  a  number  of  parts  of  the  scale  equal  to  that  of  the  iti- 
nerary measures  gone  over:  the  point  where  these  parts 
terminate  will  be  the  paint  of  arrivaL    Calculation  may  also 
be  substituted  for  construction ;  if  from  the  extremity  of 
the  route  gone  over  we  bring  down  on  the  meridian,  which 
passes  by  the  other  extremity,  a  perpendicular,  a  rectangled 
triangle  will  result,  in  which  the  part  of  the  meridian  inter- 
cept^ between  tiie  point  of  departure  andtlie  perpendicular 
bi*ought  from  the  point  of  arrival  will  indicate  the  distance 
of  these  points  taken  on  the  line  north  and  south,  or  tlie  dif- 
ference of  latitude  expressed  in  itinerary  measures ;  which 
are  afterwards  reduced,  according  to  their  value,  into  degrees 
of  the  meridian.    And  the  perpendicular  will  express  the 
distance  of  these  same  points  titken  on  the  line  east  and 
west,  which  is  confounded  in  this  case  witli  the  diflhrence  of 
longitude  expressed  in  itinerary  measures.    If  we  wish  to 
convert  it  into  degrees,  we  must  divide  it  by  the  number  of 
those  measures  which  a  degree  of  the  parallel  of  the  point 
of  departure  ought  to  contain,  or,  if  we  wish  for  still  more 
exactness,  by  the  number  of  measures  comprised  in  a  de- 
gree of  the  parallel  which  holds  the  middle  between  that 
of  the  point  of  departure  and  that  of  the  point  oi  arrival. 
All  this  operation  is  notliing  but  dividin|(  flie  number  of  the 
itinerary  qiea^ur^s  by  the  cosinc3  of  the  latiti^de  of  the  mean 
parallel. 
To  find  Um     a  second  question  may  present  itself,  in  the  c^se  where 
J'J^*^°®^the  direction  of  the  route  is  not  known;  the  latitude  of 
^  '""**•     the  point  of  arrival  is  then  substituted  for  it    The  con- 
struction on  the  flat  map  consists,  in  this  case,  in  drawing 
through  its  latitude  the  parallel  of  the  point  of  arrival ;  in 
taking  on  the  scale  of  the  map  the  number  of  measures  as- 
signed  to  the  distance  gone  over,  and  to  describe  with  this 
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>  as  Twim^  md  from  Oe  ]Kiiiit  of  departare  as  can- 
tret  a  circle  wUcb  will  cat  in  the  point  of  arrival  the  paral-  ▼>• 
M  pfeYJonsly  drawn.  If  we  wish  to  resolve  tUs  questioa 
bjr  calcnlationy  we  mast  conTert  into  itinerary  measores  tiie 
of  latitude  between  the  point  of  arrival  and  the 
t  of  departure;  we  have  then  in  the  rectan|^  trian|ile 
by  the  meridian  of  the  point  of  dcfartore^  the  per- 
let  down  from  the  point  of  arrival  and  tiie 
routOy  two  known  sides*  namely*  the  length  of  the  route* 
or  flbe  bypothennse^  and  the  part  of  the  meridian  comprised 
between  the  point  of  departure*  and  the  perpendicular  of 
Oe  point  at  arrival :  by  calculating  the  leng^  of  tbis  p«r- 
peudicttlar*  we  find  the  distance  of  the  points  of  departure 
and  of  arrival*  taken  on  the  line  ea$t  and  t&ot*  whence  we 
concbide^  as  above»  the  diiference  of  longitude. 

When  the  route  gone  over  is  of  a  considerable  length*  it  Spherical 
becomes  necessary  to  take  the  curvature  of  the  eartii  into  roJt7,*^* 
acooont.  The  construction  of  the  two  preceding  problems 
itqnifes*  with  respect  to  the  reduction  of  leagues  gone  over 
is  the  direction  east  and  we$tf  in  degrees  of  longitude*  the 
employment  for  the  titles  tor  measuring  latitudes*  which 
oontain  the  results  of  the  trigonometrical  calculation* 
hj  which   the  case  may  b^  resoWed,*     For  the  first 

•W«ha^t««imbow,  (p.  WO.)  that  H  !•  only  by  the  help  of  the  intapal 
cilcaliM  that  wo  ca«i  ariif  •  at  the  exact  coDstniction  of  the  tables  of  increas- 
iiflatltiides;  but  geographer!  commonly  make  use  of  a  very  simple  approxi- 
mative means  to  reduce  the  curve  to  a  right  line,  by  couridering  the  route  gone 
«m  ae  divided  into  paru  small  enough  to  be  regarded  as  right  lines.  In  ftcty 
nsce  the  points  of  the  compass  cot  aU  the  meridians  under  the  same  angle,  wo 
any  coneeWe  that,  through  the  extremities  of  aU  these  subdivisions,  may  be 
btougbt  meridians  and  parallels;  thus  will  be  formed,  on  each  of  these  parts,  a 
icctangM  triangki  «  which  the  sides  of  the  right  angle  will  be  the  di^eien^es 
sf  latitnde  and  longitude,  and  the  part  of  the  route  gone  over  will  form  the  hypo- 
thenase.  Uot  rectilinear  uigonoroetry  supplies  the  means  of  calculating  this 
triangle,  since  we  know  the  hypothcnuse  and  an  angle.  Let  ABC,  Fig,  47,  be 
ooe  of  these  triangles;  we  shall  have  by  the  prhiciples  of  rectilinear  trigono- 
nctry,  AB :  AC  : :  1 :  cos.  BAG ;  whence  we  shall  conclude  AC  ^  AB  cos. 
BAG.  Now,  as  the  angle  BAG  is  the  same  with  respect  to  aU  the  meridians 
which  traverse  its  route,  each  difference  of  latitude,  from  one  small  triangle  to 
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iMHNic   ^pwBtbB  IB  vhidi  Aedfa^ctibn  of  the  wuto  is  kmrwuy  dfar 
^^     iii^fuig  obtained  as  abeWf  the  latitude  of  tiie  poiat  of  ar- 
•  mal»  we  nmst  take^  in  the  taUe  of  increasing  latitudes,  the 

^Uffwenoe  of  &e  numbers  which  answer  to  thin  latitnde, 
«nd  to  tliat  of  the  point  of  departore ;  it  most  he  nndt^lied 
bj  the  tangent  of  the  angle  corresponding  to  tihe  point  of 
the  compass,  and  the  result  will  he  the  diflRu'ence  of  longi- 
tude espnessed  in  minutes  of  a  degree.  In  the  second  ques- 
ts other,  will  offer  the  seine  iador,  and  the  sum  of  all  these  difibr^n^es  ^^^ 
is  evidently  the  total  difTeience  in  latitude,  between  the  point  of  departure  and 
the  point  of  arrival,  must  be  eqiuU  to  the  sum  of  the  portiont  of  (he  roitte,  that 
is  to  svifyh  the  iotaiJength  of  Aurmde^  multiplied  hy  iht  nottM  ofAeangk 
iithiek  itt  4iree4toii  fumu  with  ihe  meridian.  We  shall  be  in  the  same*  case  as 
when  we  neglect  the  curvature  of  the  earth,  and  the  same  means  nius.t  be  em- 
ployed to  reduce  the  route  to  degrees. 

If  we  now  wish  to  know  the  cBiTervnce  in  longitude  corresponding  to  BG,  it  is 
by  loeanfl  of  the  latitude  AC  that  we  can  calculate  it.  We  shall  have  die  Pro- 
portion AQ  :  BC  : :  1  :  tang.  BAG,  /roin  which  we  shall  conclude^  BC  =  AB 
tang.  BAG.  To  know  how  much  this  difference  makes  in  aliquot  parts  of  the 
equator,  kto  sbaH  design  by  L  the  latitude  of  the  parallel  under  which  is  situ- 
•tad  iha  point  At  aod  wo  shall  have  this  proportion^  BC  :  c  (or  to  the  oarre&- 
pooding  part  of  the  equatox)  ::  cos.  L  ;  1,  which  we  can  transform  into  this; 

BG 
g  m-  *»    .e-,  and  if  we  put  iuth*  place  of  BC  its  value,  which  we  fovnd  abofe. 

AC 
this  proportion  wlB  result:  fAe  ^i^erenre tn  longitude t^^-^  x  tang,  BAC. 

cos.  L 

We  shall  obtain,  therefore,  the  sum  of  all  these  small  differences  of  longitude 

resulting  from  each  part  of  the  route,  if  we  multiply  by  the  constant  factor 

taqg.  BAC,  the  sum  of  all  the  valaes  represented  successirtly  by  the  factor 

AC       ,       .      ^  ^         .  * 

-,  changing  for  each  portion  of  route. 

Let  us  now  conceive  all  these  portions  so  small  that  the  difference  AC 
is  equivalent  to  1'  of  a  great  circle  of  a  globe,   and  let  us  observe  that 

V 

■"     y   =s  sec.  L.  we  may  substitute  to  that  expression  this :  the  difference  m 

longitude  =»  V  X  sect.  L.  tang.  BAG  ;  then  we  shall  find  the  sum  of  the  fac- 
tors I'  X  ^^^  ^  By  cLdding  all  the  secants  from  minute  to  minute,  from  (he 
latitude  of  the  point  of  departure  to  that  of  the  point  where  the  route  termi- 
nates. 

As  the  arc  of  1'  is  not  rigorously  a  right  line,  the  process  is  only  approxi* 
mative ;  if  we  wish  to  render  it  more  exact,  by  taking  the  secants  from  second 
to  second,  we  should  fall  into  extremely  long  and  fastidious  operations.  K  is 
to  the  integral  calculation  therefore  we  must  have  recourse.  See  the  excellent 
Traits  de  Navig.  of  M.  Dubourguet,  b.  i.  chap.  3  and  4,  frc. 
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uon^  the  amgU  of  tiie  pi«nt  of  the  compaas  is  not  givem ;  book 
b«t  it  Biay  be  calculated  by  the  differeDce  of  latitude  re*  ^^ 
diced  into  kagaes^  wid  by  the  course,  which  are  then  the 
data ;  the  difference  of  longitude  is  afterwards  concUded 
by  the  rule  first  indicated.  Supposing,  for  example,  that 
a  Tessel  set  out  from  a  point  situated  at  42°  3'  of  north 
latitude,  has  gone  £52  marine  leagues  to  the  north-east  i 
fast  .•  we  remari^  in  the  first  place,  that  this  point  of  the 
coinpasB  forms  with  the  meridian,  on  the  east  side,  an 
angle  of  56"*  15',  and  we  thence  conclude  that  the  route 
answers,  on  the  line  north  and  south,  to  140  leagues; 
which  gives  7*  of  difference  towards  the  north.  As  this 
difference  is  of  the  same  denomination  as  the  latitude  of 
the  point  of  departure,  it  must  be  added  to  the  latter,  to 
obtain  that  of  the  point  of  arrival,  which,  consequently, 
nust  be  49"*  S\  We  then  look,  in  a  table  of  increasing  la- 
titudes, for  tihe  numbar  which  answers  to  49°  3',  namely, 
3386,r  ;  then  for  that  which  answers  to  42°  3',  and  wluch 
is  2rB5^,  and  we  take  the  difference  ^  600'  9 ;  to  the  lo* 
garitbm  of  this  difference  is  added  that  of  the  tangent  of  56^ 
15',  the  angle  of  the  point  of  the  compass,  and  the  result 
which  answers  to  899',  or  to  14°  59',  is  the  difference  of 
longitude  towards  the  east. 

These  rules  can  only  lead  to  exact  results,  in  so  far  as  Errors  of 
th^  are  a{^lied  to  data  exempt  from  error.  But  this  is  ^^g"^^„"|.7g 
not  always  the  case,  especially  in  ancient  geograjdiy,  and 
even  in  modem  travels  down  to  the  16th  century.  In  the 
first  place,  the  direction  of  the  route,  often  ill  observed  by 
land,  18  still  more  so  at  sea.  If  it  has  been  mariced  accord- 
ing to  the  rising  of  the  sun,  the  diversity  of  the  seasons 
often  renders  it  uncertain ;  if  it  be  indicated  according  to 
tlie  compass,  it  may  be  affected  by  the  variation  of  the 
needle,  which  has  not  been  always  observed.  Navigators 
were  exposed  to  another  cause  of  error.  They  did  not  allow 
for  the  angle,  which  the  real  route  of  the  vessel  forms,  with 
the  direction  of  its  keel,  wherever  the  vessel  receives  the  im- 
pulsion of  the  wind  sideways;  for,  in  this  case,  a  part  of 
this  force  tends  to  push  it  out  of  this  route,  while  it  is  kept 
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BOOK   in  it  only  by  the  action  of  the  radder,  nnd  by  tiie  gretl 
▼I*     rerifltance  ivhich  the  surrounding  fluid  oppoees  i^punstits 
""^"^^  sides.    This  angle,  rather  difflcnit  to  determine^  was  ge- 
nerally neglected   by  the  nayigators  of  preceding  ages. 
There  are  also  g^reat   uncertainties  in  the    measure  of 
tiie  distance  gone  over.    The  ancients  were  in  the  habit 
of  reckoning  it  by  the  number  of  days  of  a  march^  or  of  a 
Toy  age,  and  we  have  seen,  in  the  history  of  geographical  dis- 
coveries, how  difficult  it  was  to  fix  the  value  of  tiiose  days, 
which,  expressed  in  different  or  vague  terms,  nmst  always 
vary  according  to  times,  seasons,  regions,  the  mode  of  tra- 
velling, and  the  size  and  form  of  vessels.    Even  the  most 
learned  combination  of  ail  these  circumstances,  only  procures 
us  mean  values  the  more  probable,  as  a  great  number  ot 
sisMdty   sure  and  authentic  facts  have  been  combined.    Geographers 
rotiui!        ^^^^  tiiought  that  by  studying  and  estimating  the  sinuosi- 
ties of  roads.  In  countries  intmvected  by  mountains  or  by 
considerable  streams  of  water,  and  also  in  plains,  we  might 
arrive  at  general  principles  on  the  augmentation  of  lengdi 
which  these  windings  occasion,  and  which  of  course  must  be 
subtracted,  if  we  wish  to  reckon  the  distances  on  the  same 
line.    The  Arabian  geographer,  Al-Biruni,  concluded  tha^ 
in  the  East,  itinerary  distances  should  in  general  be  reduced 
a  fifth.*    D'Anville  finds,  on  the  contrary,  that  in  Italy 
and  Egypt,  and,  in  general,  in  the  worid  known  to  the 
Romans,  we  need  only  deduct  an   eighth*!     The  very 
nature  of  the  question  evidently  renders  a  genwal  aolution 
impossible. 
VaiM  of       We  may  say  the  same  of  the  discussions  which  have  at- 
2*^     tempted  to  fix  the  value  of  days  of  marching  and  sailing. 
When  Herodotus^:  fixes  a  day's  sailing,  during  the  day» 
at  700  stadia,  while  Scylax$  only  admits  500^  it  maybe 
right  to  consider  this  difference  as  merely  the  result  of  the 
employinent  of  stadia  of  a  different  value ;  that  of  8cylax 

^  Ai-Biruni,  ap  Edw.  Btrnards,  dt  Ponder,  et  Mens. 

t  D'AnviUe  Consider,  sur  la  Oeog.  44—47.  %  Herod,  iv.  46. 

f  Scflax  Perjpl.  p.  30.  «d.  Voi. 
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hcijiS  probably  very  near  the  stadia  of  88S  to  a  degree^  and   book 
tiiat  of  Herodotus,  being  the  Egyptian  stadium  of  1111  to      ^^ 
a  decree,  ancient  measure.     But  the  Greek  geographers 
themselYes  have  expressly  informed  us,  that  their  days  of 
nayigation  varied  according  to  the  places,  times,  and  means 
employed.* 

The  cmnbinations  that  have  been  made  of  such  maritime 
diataDcesyf  should  therefore  be  considered  only  as  approzi- 
matiTe^  and  in  no  respect  superior  to  the  data  which  result 
from  the  physical  and  historical  descriptions  of  countries 
that  have  been  visited. 

H0W9  indeed,  could  we  expect  to  fix  the  value  of  theErrenof 
ancient  days  of  navigation,  when  it  is  notorious  that  "^^^^S^^^ 
hardly  know  that  of  the  navigators  nearest  our  own  times  ?  tioo. 
The  ordinary  means  for  estimating  distances  at  sea,  are 
still  subject  to  much  uncertainty.  To  estimate  the  distance 
gone  over  by  a  vessel,  requii*os  a  knowledge  of  the  eflTect  of 
currents,  which  act  at  once  on  the  vessel  and  on  the  log, 
which  saUors  throw  into  the  sea,  and  which  serves  as  a  fix- 
ed point  for  them,  from  which  they  count  how  much  they 
advance  in  a  given  time,  commonly  half  a  minute.  This 
motion  is  measured  by  means  of  a  cord  divided  by  knots,  the 
interval  between  which  answers  to  the  120th  part  of  the  hour. 
But  when  the  vessel  and  the  log  are  subjected  to  the  action 
of  the  same  current,  the  distance  by  which  the  vessel  ex- 
ceeds the  log,  only  indicates  the  relative  quickness  of  the 
ship  with  respect  to  the  current ;  and  we  have  still  to  deter- 
mine the  velocity  which  this  current  impresses  at  tiie  same 
time  on  the  log  and  on  the  vessel.  Such  is  the  principal 
origin  of  the  diflTerences,  often  very  considerable,  between 
the  place  where  pilots  think  they  are»  according  to  the  esti- 
mate of  their  routes,  and  that  where  the  vessel  really  is.  In 
omseqnence  of  tiiese  errors,  the  lands  discovered  by  the  Ma- 
gellans,  the  Mendanas,  the  Quiros,  have  been  so  ill  placed  in 
longitude,  that  geographers  have  had  great  difficulty  to  ascer- 

'  Ptolem^y  Geog.  i.  c.  g.    Marcian  Heracl.  p.  67,  (torn.  i.  Geog.  Minor.) 
*  See  the  authors  cited  in  the  tables  of  this  volume. 
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BOOK    tain  tiiem.    We  have  seent  if  we  may  say  so^  SoUmorCs 
^'*      isle0»  80  renarkable  for  their  beauty  and  riches^  and  for  the 
detailed  description  of  them  by  their  first  discoverer  Men- 
drawn       dana»  floattng  through  near  a  quarter  of  the  circumference 
mon'i  Mm.  ^  ^^  globe.    Noue  of  the  navigators  who  went  over  these 
parts  after  him,  beginning  with  Quiros»  his  companion,  and 
who  followed  him  immediately,  could  break  the  charm  which 
seemed  to  forbid  to  mankind  the  access  to  a  land  which  the 
imagination,  stimulated  by  obstacles,  clothed  in  the  most 
brilliant  colours.    More  sober  minds  began  to  doubt  their 
existence ;  when  Dalrymple  and  Fleurieu  showedf  that  they 
must  be  identical  either  with  the  New-Britain  of  Dampier, 
'    or  with  the  land  of  the  Arsacides,  and  the  adjacent  isles 
visited  by  Bougainville  and  Surville.    In  the  latter  hypo- 
thesis, the  latitudes  first  assigned  to  them  were  not  very 
exact;  but  the  currents  which  go  from  east  to  vrest,  in  the 
great  ocean,  had  accelerated  very  much,  without  his  being 
able  to  perceive  it,  the  vessel  of  Mendana,  who  reckoned 
himself  to  be  only  1500  Spanish  leagues,  or  about  1700 
'  marine  leagues  of  France,  from  the  coasts  of  Pern,  when  he 
was  really  near  S,400. 

Since  the  frequent  observation  of  longitudes  has  permit- 
ted a  comparison,  in  many  points,  of  the  distance  estimated 
with  tliat  really  gone  over,  navigators  who  have  sailed 
round  the  world,  have  collected  and  multiplied  very  impop 
tant  data  on  the  velocity  of  currents  in  the  various  seas  of 
the  globe.* 
Employ-        Astronomical  observations,  trigonometrical  suneys,  and 
ment  of  an.  itinerary  distances,  are  the  three  elements  of  every  map 
cicntmaps-^^^jj^jy  ^,^^1^^     f^^^  commonly,  wo  do  not  find  these 

three  elements  completely  united,  esjiecially  for  countries 
remote  from  Europe;  we  are  therefore  reduced  to  reiwat 
what  other  geographers  liave  published  with  respect  to  the 
parts  on  which  we  have  no  new  information.  Here  again 
the  geographer  requires  great  sagacity, 

^  '»yiiK<i  ol'Captaiu  March;ni(!,  Mjauii  iij*  by  Vieurieii. 
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When  he  has  eMaftHdied  the  egreenent  of  the  mesp    book 
80R8f  or  wales  employed  in  the  various   maps  whick  be      ^'* 
wishes  to  analyse  and  disottss,  he  is  enabled  to  eonstract  a 
scale  for  those  that  have  none,  provided  the  latitude  and 
loDgitode  of  any  point  wliatever  of  those  maps  be  known  to  ^^""J^^"^* 
hiffl,  cither  immediately^  or  by  their  distances  from  giveamaps. 
pointb    He  can,  consequently^  compare^  by  the  positiona   ' 
which  they  assign  to  those  same  places,  the  maps  which  re* 
yresest  the  same  regions ;  and  this  manner  of  proeeefing,  is 
It  the  same  time  the  surest  and  most  commodious^  as  it  fa- 
cilitates tlie  observation  of  the  diflTerences  resulting  from 
projections.    If  the  geographer  finds  tlie  same  point  placed 
under  different  longitudes  and  latitudes  in  several  maps,  to 
aflireciate  these  different  data^  he  must  examine  how  these 
maps  present  other  ess^itial  circumstances ;  it  is  then  that 
he  should  compare  the  respective  situations  of  places  witb 
nspect  to  determined  astronomical  points^  and  thai  he 
oo^t  to  scrutinize  minutely  tlie  configuration  of  shores,  the 
\nct  of  rivers,  of  chains  of  mountains,  and  of  high*  roads, 
and  the  indication  of  the  limits  of  territory.    A  similar  ex^ 
anination  teaches  him  in  what  his  maps  differ,  and  in  what 
Ihejr  agree;  be  is  left  to  choose  between  them.    The  lati- 
tndea  less  diflb:ult  to  observe  than  the  longitudes,  are  gene- 
nllf  better  fixed  en  maps,  drawn  according  to  the  relations 
of  travellers  of  rather  ancient  date.    The  common  defect  of 
■afi»  anterior  to  D'Anville,  is  to  augment  much  the  dis- 
^UKes  of  places  in  the  direction  east  and  west    Hie  farther  Common 
4ke  points  in  question  are  from  the  principal  meridian,  ac-^^^^^^^^f 
cwiing  to  which  the  longitudes  of  the  others  have  been  de*  maps. 
tnmined,  the  more  considerable  these  errors  become.    This 
strikes  the  least  skilful  eye  in  the  maps  of  Ptolemy,  witb  re* 
Sfect  to  the  differences  of  longitudes  which  they  give  between 
Akxaadria  and  the  other  towns  situated  on  the  borders  of 
^  Mediterranean.    The  absurd  o{Ninion  which  places  Se- 
na in  China,  and  other  similar  errors,  are  only  due  to  the 
l&Ise  extension  of  Ptolemy's  maps  in  the  direction  of  longi- 
tude.  But  we  are  indebted  to  this  same  fault,  repeated  in 
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the  ma|»  of  tibe  nuddle  tgMp  finr  tibe  fcrtanato  error  on  liie 
^*     flEzteuion  of  the  idands  of  Japen  to  the  eett^  wliich  gave 
'"'"""^  Chriatopher  Columbas  courage  to  crosa  the  Atlantic. 

The  maps  of  Sanaon,  Jaillot^  and  ofliera»  fiormed  at  the 
end  of  the  17th  centnryf  and  admired  by  some  Ubliooiaiii- 
ac8»  likewiae  dilate  all  the  coimtriee  in  the  direction  of  the 
longitadea.*  Such  mxgSf  however,  ailbrd  uaefol  materiab, 
when  the  poaitiona  are  corrected  in  the  direction  east  and 
ive$t,  by  ahewing  proportionally  to  the  distance  from  the 
principal  meridian,  the  differencea  between  the  iongitades 
which  these  mi^  give^  and  those  which  result  from  the 
new  detertaiinations. 

Too  often  the  geographer  has  no  decisive  reason  for 
choosiog  between  the  diflTerent  positions  assigned  to  the 
same  place  by  several  maps.  Sorronnded  by  uncertnintiefl^ 
he  has  only  then  to  take  the  middle,  according  to  the  roles 
of  arithmetic,  between  the  latitades  on  one  side^  and  the 
kmgitttdes  on  the  other,  as  they  are  given  by  the  maps. 
He  then  places,  on  that  which  he  wishes  to  construe^  the 
CmnbiBa-  principal  points,  according  to  a  redaction,  the  process  of 
^!^f^  which  it  would  be  superfluous  to  indicate.  Sometimes  tbe 
dimncts.  gec^grapher  is  obliged  to  compare  maps  of  detail  by  the 
distances  they  give  between  the  same  places,  distances 
which  have  been  most  frequently  the  denmits  for  the  con- 
struction  of  those  maps,  and  which,  for  this  reason,  it  is 
often  essential  to  ascertain.  He  may  then  choose,  on  each 
of  those  which  he  wishes  to  compare,  two  correqponduig 
points,  determined  with  exactness,  and  from  which  he  can 
measure  the  distances  to  all  flie  others.  All  these  distsaoes 
being  brought  to  one  single  scaler  he  traces  on  the  paper  a 
line,  which  represents  the  distance  from  the  two  prindptl 
points,  according  to  the  scale  he  employs.  On  this  lis^ 
serving  for  base,  he' describes,  with  the  distances  drawn 
from  each  map  in  particular,  triangles,  the  summit  of  which 
answers  to  the  place  assigned  by  each  of  these  mi^  to  tbe 

*  D'Anville,  Considerations,  p.  11)  t^. 
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]ioints  he  examines.  Two  different  determinations  of  the  book 
same  point  being  joined  by  a  line,  the  mean  position  will  ^i* 
be  found  on  the  middle  of  this  line.  Three  determina-  " 
tions  give  a  ti*iangle|  and  a  greater  number  constitute 
a  polygon.  In  these  cases,  the  mean  position  is  found 
by  seeking  the  centre  of  gravity  of  the  area  of  this  polygon, 
its  angles  being  considered  as  masses  equal  to  unity.  This 
is  not  the  place  to  give  the  demonstration  of  tliis  rule, 
founded  on  the  principles  of  statics,  and  on  the  theory  of 
mean  valaes;  we  may,  however,  be  allowed  to  remind  the 
reader  that,  in  the  case  of  a  triangle,  the  centre  of  gravity 
is  at  the  intersection  of  the  right  lines,  di*awn  from  the 
summits  of  two  angles,  to  the  middle  points  of  the  opposed 
sides.  This  easy  construction  only  is  wanted  in  the  most 
orduiaiy  case,  when  there  are  only  three  determinations. 
The  mean  distances  from  one  point  to  two  others,  the  posi- 
tion of  which  is  given,  being  once  fixed,  it  is  easy  to  deter- 
mine the  latitude  and  longitude  of  this  point,  and  to  place 
it  afterwards^  by  their  means,  on  the  map  to  be  constructed, 
whatever  be  its  projection.  When  the  combined  points 
embrace  a  space  so  little  extended  that  tlie  projection  is  not 
sensible,  the  labour  is  abridged  by  transporting  to  the 
map*  by  means  of  the  treUis,  the  results  of  these  compa- 
risons. 

The  mathematical  elements  of  a  map  being  determined,  it 
still  remains  to  introduce  into  it  the  historical,  political, 
and  physical  details,  of  which  its  extent  and  object  i*ender  it 
capable. 

The  objects  of  common  geography  require  the  employ-  ceographi- 
ment  of  only  a  small  number  of  signs,  easily  understood,  and  cai  tigDs. 
the  sense  of  which  was  explained  by  ancient  geographei's, 
in  a  legend  placed  on  one  of  the  sides  of  the  map ;  a  cus- 
tom which  ought  to  be  resumed  in  elementary  atlasses. 
These  signs  indicate  the  position  of  places,  and  are  modi- 
fied according  to  the  importance  of  these  places,  and  the 
nmk  which  they  occupy  in  civil,  military,  or  ecclesiastical 
government.    When  we  wish  to  naeasure  distances  on  a 

VOL.  I.  10 
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BOOK    nBjf,  W6  mast  remark  the  very  small  circle  or  cipto» 
^^*      which  is  either  adjacent  to,  or  inscribed  in  each  of  those  signs, 
because  it  is  the  central  point  of  this  circle  which  fixes  the 
geographical  position  of  the  place.    When  the  map  descends 
into  a  great  detail,  the  principal  features  of  the  plan  of  lai^ 
towns  are  expressed,  and  then  care  should  be  taken  to  mark 
on  this  plan,  that  point  to  which  the  geographical  position  is 
referred.  A  simple  line  shews  the  course  of  small  streams,  and 
the  two  banks  are  indicated  separately,  only  when  the  di- 
mensions of  the  bed  of  the  river  can  be  appreciated  by  the 
scale  of  the  map;  which  is  most  frequently  at  tlie  moutfaf 
or  at  places  where  the  stream  is  dotted  with  islands.    The 
sea  shores  are  indicated  by  a  very  clean  line,  bordered  with 
hatchings.    In  geographical  maps,  these  hatchings,  exteior 
with  respect  to  the  land,  may  be  conceived  to  represent  the 
undulations  of  the  sea  on  the  coasts ;  while,  in  marine  maps, 
the  hatchings  done  on  the  land,  paint  to  the  eye  the  accli- 
vity of  the  coast.    Navigable  canals  are  represented  by 
straight  lines  joined  angularly,  which  distinguishes  them  suf- 
ficiently from  natural  streams  of  water,  indicated  by  un- 
dulating lines.    Roads  are  often  marked  by  two  fine  paral- 
lel strokes,  sometimes  by  simple  lines,  continuous,  or  punc- 
tuated ;  the  latter,  however,  are  most  commonly  reserved 
for  marking  the  limits  of  states  and  their  provinces,  and  for 
this  purpose  the  size  and  form  of  the  points  are  varied. 
iiiuniina-       To  render  more  striking  those  political  divisions,  which  so 
often  form  an  absurd  contrast  with  natural  limits,  the  mo- 
notony of  the  engraving  is  relieved  by  varied  colosrs. 
Some  German  geographers   have    preserved  the  ancient 
French  method  of  spreading  the  same  tint  over  a  whole 
region,  which  they  wish  to  distinguish  from  others.    This 
mode  of  illuminating,  has  perhaps  less  elegance  than  that 
used  now  in  France;  but  it  has  the  advantage  of  shewing 
better  the  extent  of  regions,  and  the  form  of  their  limits:  it 
should  be  adopted  in  every  elementary  atlas. 

Some  teacliei*s  think  also,  with  reason,  that  the  old  man- 
ner of  indicating  the  towns  by  little  towers,  multiplied  and 
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I  according  to  the  rank  uf  the  place,  was  preferable    book 
in  general  maps,  to  the  mode  prescribed  in  the  Depot  de  la      ^'* 
Gmarre^  wiuch  consists  in  representing  every  object  on  a  — -" 
geometrical  plain  ;*  a  system,  the  rigorous  application  of 
whicby  in  onr  opinion,  should  be  reserved  for  topographical 
and  chorograpUcal  maps. 

We  cannot  pass  over  in  silence  a  point  of  which,  among  orthogra- 
the  French,  D'Anvillef  alone  felt  the  importance  $  this  is  the^^mes. 
orthographical  exactness  of  the  names  in  maps.  Good  sense 
dictates  the  rule  of  writing  each  geographical  name,  as  near 
as  possible  to  what  is  used  in  the  country  it  belongs  to, 
and  to  what  is  pointed  out  by  sound  etymology.  A  -cor- 
mpted  orthography  should  only  be  admitted  when  the  right 
one  would  not  be  understood  by  the  generality  of  readers. 
Thus,  it  is  certainly  wrong  to  write  Mitolia,  instead  of 
Jnalotio,  which  is  required  by  the  Greek  etymology,  or 
Dttmumankf  with  the  German  consonant  cfc,  in  place  of 
Banemarkf  which  is  conformable  at  once  both  to  the  genius 
of  the  French  tongue  and  to  that  of  the  Danish.  It  is  thus 
that  a  certain  number  of  geographical  denominations  might 
be  brought  back  to  the  true  orthography.  However,  a 
much  more  condderable  number  would  not  admit  of  this  re- 
form. It  would  be  easy,  for  example,  to  introduce  Rdofnd 
instead  of  Irlande;  but,  in  France,  /Scotland  could  never 
be  substituted  for  Ecosse,  as  the  first  name  would  be  unin- 
teOigible  to  most  French  readers.  It  is  true,  that  it  is  rather 
difficult  to  practise  this  rule,  with  respect  to  names  drawn 
irom  languages  in  which  a  diiferent  alphabet  is  employed 
from  tiiat  adopted  in  Western  Europe.  Such  is  the  case 
with  the  Russian,  Persian,  Arabian,  Indian  names,  and 
others;  also  with  theTolish,  in  which  several  letters  of  the 
alphabet  have  a  different  value  from  what  we  give  them. 
This  is  not  the  jriace  to  examine  all  the  expedients  that 
might  be  tried  to  establish,  once  for  all,  a  geographical  or- 

*  M6n.  Topogr.  et  Milit.  t  B'Anvillc,  Consid.  sur  la  Geogr.  p.  61,  iqq, 
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BOOK    tbography,  not  absolutely  fixed,  (which  would  perhaps  be 
^^'     useless,)  but  at  least  easy  to  follow  and  comprehend** 
"       '         The  physical  part  of  a  map  requires  attention  to  be 
physical     paid  to  Certain    other  circumstances.     It  is  desirable  io 
geography,  (^qow  if  a  country  is  covered  with  plains,  or  is  rough  with 
mountains,  naked  or  wooded,  dry  or  marshy.     Designers 
have  introduced  signs,  either  conventional,  or  of  tiie  nature 
of  pictured  representations,  to  express,  on  trigonometric  sur- 
veys, and  topographical  plans,  these  different  circumstances, 
which,  joined  with  the  climate  and  the  laws  of  meteorologi- 
cal phenomena,  detennine  the  physical  geograp/nf  of  each 
country*    It  is  sufficient  to  cast  one's  eyes  on   plans  of 
this  kind,  to  discover  the  signs  employed  in  them;  they  are 
all  conformable  to  the  rules  of  bird's-eye  perspective;  thus 
the  parts  more  or  less  strongly  shaded,  represent  slopes  more 
or  less  steep,  on  which  the  light  is  lost  the  more  they  ap- 
proach the  vertical  position.     Geographical  maps  are  less 
calculated  to  admit  of  this  improvement,  especially  with  re- 
gard to  mountains ;  for  the  scale  of  those  maps  is  neces- 
sarily too  small  to  admit  of  expressing  on  them,  in  just 
proportions,  the  innumerable  inequalities  of  ground,  from 
the  highest  chains  of  mountains,  to  hills  of  the  lowest  order. 
Represen-  Formerly,  mountains  used  to  be  represented  by  slight  ele- 
tationof    yations  in  profile,  which  supposed  the  eye  of  the  spectator 
'  to  be  in  the  plane  of  the  map.    At  present,  they  attempt  to 
represent  in  a  bird's-eye-view  the  chains  and  groupes  of 
mountains,  and  even  the  peaks  or  insulated  points  which 
repose  in  general  on  elevations  more  or  less  considerable,  but 
the  whole  extent  of  which  presents  contours  that  determine 
the  form  of  valleys.f    The  new  method  would  undoubt- 
edly be  preferable,  if  one  could  presdkre  a  just  proportion 
between  the  different  elevations,  and  if  we  possessed  all  tbe 
necessary  information  for  determining,  point  by  point,  the 
level  of  the  ground.    But,  as  long  as  these  elements  are 

*  Comp.  Langl^s,  Preface  du  Voyage  dcNorden;  Volney,  sur  I'Alphabet 
Russe,  &c. 
t  Memorial  Topographique  et  Militaire,  cah.  v. 
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wanting,  the  new  method  will  be  as  arbitrary  and  illusory    book 
as  die  old  one  appeal's  unnatural  and  unsatisfactory*  ^'* 

The  partisans  of  the  plan  of  representing  mountains  by 
a  bird*s-eye-viewy  sliew  us  the  maps  of  D'Anville,  and  ex- 
claim, <<  How  vague  and  insignificant  are  these  mountains, 
marked  with  insulated  points  !  All  that  we  see  is,  that  the 
country  they  occupy  is  mountainous;  one  might  as  well 
write  down:  tliere  are  mountains  here;  nothing  indicates 
Ae  course  of  chains,  their  various  sinkings,  and  their  con- 
nexions, either  with  each  other,  or  with  the  islands  which 
form  the  summits  of  the  chains  o(  submarine  mountainSf  or 
which  traverse  the  basin  of  the  sea.''  But,  in  the  first  place, 
there  are  many  other  maps  besides  those  of  D'Anville,  in 
which  the  mountains,  thougli  expressed  in  profile,  please 
the  eye  and  satisfy  the  mind.  And  we  ask,  in  our  turn,  if 
gM^raphy  has  really  gained  by  the  admission  of  all  these 
pretended  chains,  either  terrestrial  or  sabmarinet  which 
M.  Buacbe,  sen.  has  created,  by  supposing  arbitrarily 
that  all  the  basins  of  rivers  are  separated  by  considerable 
heists. 

The   pretensions  of  topography  have  been  pushed  still  Method 
farther.     A  geographical  engineer,  M.  Dupain-Triel,  has  gJ^P^^j^it, 
published  a  method,  by  which  a  geographical  map  may  be  ing  levels. 
made  to  indicate  the  elevation  of  each  point  of  tlie  ground. 
He  observes,*  that  if  we  join  by  a  line  drawn  on  a  marine 
map,  all  the  points  at  which  equal  soundings  are  marked, 
this  Une  would  give  the  contour  of  a  section  made  at  the 
bottom  of  the  sea  by  an  horizontal  plane  at  such  a  depth 
below  the  surface  of  the  fluid,  as  is  expressed  by  the  num- 
ber of  measures  contained  in  the   sounding,     f^rom  this 
observation,  just  in  itself,  he  thinks  he  may  deduce  a  prin- 
ciple for  representing  geametricaUy  tlie  configuration  of 
tiie  surface  of  a  country.    This  consists  in  tracing  on  the 

*'  Dupain-Triely  Carte  intitulee,  Methode  notiveUe  pour  exprtmer  sur  les 
cartes  les  hauteurs,  etc.  avec  un  memoire  de  M.  Du  Cuila.  Paris,  1784.  Id. 
Carte  de  la  France,  od  Ton  a  essaye,  etc.    An,  vii. 
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map  to  be  constructed,  lines  which  pass  through  points 
placed  at  the  same  level,  or  at  the  same  height,  above  the 
~  surface  of  the  sea ;  lines  which  would  hecome  successively 
the  boundaries  of  its  waters,  if  it  rose,  by  any  cause  what- 
ever, to  the  level  they  occupy ;  as  the  lines  which  join  equal 
soundings  would  become  in  their  turn  the  shores  of  the  sea, 
if  it  sunk  by  the  number  of  measures  marked  on  those  sound- 
ings. The  heights  of  these  lines  or  Iiorixontal  secHens  of  the 
ground  could  be  graduated,  according  to  the  scale  of  the 
map  and  the  steepness  of  the  slopes.  On  a  specimen  of  maps 
of  France  executed  according  to  this  plan,  M.  Dupain-Triel 
traced  in  parts  almost  fiat,  and  near  the  sea,  a  line  passing 
through  the  points  elevated  10  toises }  then  another  passing 
through  those  elevated  20,  and  so  on  from  10  to  10  toises. 
We  see  these  lines,  at  first  pretty  distant  from  each  other, 
become  closer  in  proportion  as  the  country  rises  more  ra- 
pidly. Round  the  insulated  mountains,  the  line  of  level, 
which  is  marked  only  for  difierences  of  50  toises,  and  even 
1 00,  come  closer  the  more  the  slopes  are  steep.  Table-lands 
arc  indicated  by  lines  of  level,  which  turn  round  them.  Fi- 
nally, if  we  conceive  lines  which  cut  the  lines  of  level  at 
right  angles,  we  shall  have  the  tines  of  the  greatest  dedtvitji, 
or  those  which  follow  in  their  descent  the  waters  spread  on 
the  sides  of  mountains. 

Though  this  method  of  M.  Dupain-Triel  is  not  new, 
having  been  already  proposed  by  Ph.  Buache  and  others,* 
it  undoubtedly  merits  some  attention.  It  is  evident  that  it 
furnishes  descriptive  geometry  with  means  for  resolving 
problems  on  the  succession  of  table-lands,  the  intersection 
of  slopes,  and  the  intervention  of  basons;  problems  in- 
teresting in  the  construction  of  roads  and  canals.  It  might 
ofier  the  means  of  collecting  and  putting  within  the  reach  of 
every  body  a  multitude  of  levellings  and  observations,  made 
by  military  and  civil  engineers,  on  the  heights  of  moun- 
tains, the  results  of  which  are  confined  to  the  portfolios  of 

•  Mem.  de  TAcad.  des  Scien.  1752,  p.  399;    1753,   p.  586;    et  1756,  p. 
109. 
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gDvanuneiit:  finally,  the  advantage  to  be  derived  from  it    book 
would  excite  travellers^  and  philosophers  residing  in  all      ^i* 
great  towns,  to  multiply  barometrical  observations  in  order  — — -^ 
to  determine  the  respective  heights  of  the  places  where  they 
are  made.    But,  till  the  elements  of  such  a  map  are  more 
Domonous  and  more  authentic  than  those  which  we  possess, 
its  execotion  would  only  serve  to  give  an  air  of  reality  to 
sTstonatic  ideas  that  are  very  uncertain.    At  all  events,  the 
oonfusion  which  would  result  from  this  multiplicity  of  lines, 
would  prevent  any  object  of  political  or  historical  geogra- 
phy from  being  clearly  designed  on  these  maps.    We  must 
therefore  consign  all  inventions  of  this  kind  to  maps,  spe- 
cially consecrated  to  physical  geography,  in  the  same  way 
as  the  details  of  hydrography  are  reserved  for  nautical 
charts. 
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BOOK  VII. 

Continualion  of  the  Theory  of  Geography.  First  sketches  of 
Physical  Geography.  General  forms  and  distrUnUion  of 
Continents  and  of  Seas.  External  confignration  oj  JUdun- 
tains^  Valleys^  Plains^  and  Coasts. 

Having  cotiHidcrcd  the  earth  in  regard  to  its  dimensions, 
MO  must  now  study  its  pht8IC4I«  characters.    This  part  of 
our  work,  which  in  perhaps  the  most  interesting  of  all, 
will  necessarily  be  the  most  imperfect;  because  a  good  sys- 
tem of  physical  geography,  can  only  be  tlie  gi*adual  work  of 
many  successive  ages. 
Oenerai         This  science,  before  it  can  make  advances  to  maturity, 
piiygicai     requires  a  continual  series  of  observations,  both  repeated 
geography,  {md  varied,  made  in  every  part  of  the  world,  and  so  com- 
bined, as  to  leave  no  interval  unoccupied. 

On  the  other  hand,  it  is  not  with  natural  geography  as 
with  mineralogy,  with  chemistry,  or  with  botany.  Inge- 
nious arrangement,  and  exact  and  methodical  classification, 
are  not  very  applicable  to  it,  and  for  some  time  would  only 
retard  its  progress,  by  loading  it  with  a  display  of  iUusory 
notions.  Mountains,  valleys,  waters,  climates,  and  tracts 
of  country,  present  themselves  to  the  eye  under  very  com- 
plicated and  irregular  appearances,  which  it  is  much  easier 
to  describe  than  to  bring  witliin  exact  definitions.  The 
grandeur  and  majesty  of  nature,  defy  the  subtilty  of  our 
combinations,  and  the  littleness  of  our  rules. 

The  spirit  of  physical  geography,  unquestionably  rejects 
vague  and  incorrect  language ;  but  at  the  same  time  it  can- 
not obviously  be  susceptible  of  the  precision  of  terms,  which 
belongs  to  mathematics  or  chemistry.     What  a  striking  dif- 
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ference  is  there  between  the  windings  or  the  abmpt  outlines    book 
of  our  mountains,  and  the  regularity  of  geometrical  figures  ?     ^'^ 
What  an  abuse  has  been  made  of  the  appellations  pyramu  — — — 
dalf  ooniadf  and  others  of  a  similar  kind  i    How  often  has 
tlie  term  crystallization  been  employed  to  conceal  the  insig- 
nificance of  a  shallow  remark.    This  famous  word,  like  the 
sword  of  Alexander,  has  enabled  many  to  cut  knots  which 
they  knew  not  how  to  untie.    In  the  cabinets,  almost  every 
thing  is  crystallized ;  in  nature,  almost  every  thing  is  irre- 
gular in  its  figure* 

Even  those  objects  which  strike  the  eye  most,  are  very 
difficult  to  be  reduced  under  general  terms.  We  com- 
monly designate  all  elevations  of  land,  that  are  the  least 
lirohmged,  by  the  general  name  of  chains.  But  it  is  certain 
that  mountains  more  frequently  form  groups  than  chains  ; 
and  even  the  most  conspicuous  chains  are  often  composed 
only  of  a  series  of  groups.  Again,  the  same  mass  of  moun- 
tains, which  when  seen  on  one  side,  appears  to  form  a  chain, 
is  merely  the  declivity  of  a  pl%in,  more  or  less  elevated. 
Travellers  often  give  the  name  of  mountains  to  the  steep 
and  lofty  banks  of  rivers.  It  were  endless  to  enumerate  all 
the  errors  introduced  by  the  mania  of  systematizing.  There 
vas  a  time  when  every  black  stone  was  considered  as  a  vol- 
canic production,  and  every  circular  pit  as  the  mouth  of  a 
volcano. 

The  other  departments  of  natural  geography  are  equally  i„pg,feg| 
enveloped  in  darkness.    What  shall  we  say  of  that  system  state  ofob- 
of  hydrology  which  is  almost  destitute  of  any  information  ■*'^*"**"^ 
as  to  either  the  levels  or  the  depths  of  seas  ?    The  direct 
observations  upon  climates',  are  somewhat  more  numerous, 
at  the  same  time  we  must  acknowledge,  that  our  thermo* 
meters  do  not  indicate  the  latent  heat,  the  influence  of  which 
is  so  great  and  so  universal;  and,  besides  this,  even  the 
best  observations  upon  climate  often  lose  half  their  value 
from  want  of  an  exact  description  of  the  surface  of  the 
coantry.    The  common  systems  of  Botanical  geography,  by 
simply  copying  the  **  Flora**  of  each  country,  are  as  incom- 
plete as  they  are  useless.    It  is  necessary  to  distinguish  the 
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elevation  of  the  land,  the  quality  of  the  soil,  and  many 
▼II*  other  local  circumstances.  If  it  appears  more  easy  to  de- 
termine  the  geographical  relations  subsisting  between  the 
different  races  of  animals,  now  actually  inhabiting  the 
earth,  what  an  abyss  do  we  discover,  when  we  attempt  to 
examine  the  fossil  remains  of  those  genera  which  are  now 
extinct,  but  which  must  once  have  peopled  our  planet? 
What  revolutions  have  taken  place !  what  mountains  have 
been  dissipated,  what  rocks  decomposed !  how  many  vallies 
have  been  filled  up^  how  many  lakes  emptied  of  th^  con- 
tents, what  inroads  have  the  seas  made  upon  the  continent ; 
what  volcanic  irruptions,  what  contests  among  the  elements, 
slow  or  rapid,  destructive  or  creative^  must  have  preceded 
the  actual,  state  of  our  globe,  a  state  which  every  where 
presents  only  the  ancient  ruins  of  an  edifice,  of  the  pri- 
mitive proportions  of  which  we  are  completely  ignorant 
PhysicfJ  geography  makes  us  feel  the  limits  of  our  powers. 
We  have  ascertained  the  dimensions  of  the  sun.  We  know 
the  laws  of  gravity  upon  the  surface  of  Jupiter.  We  have 
measured  the  elevation  of  the  mountains  of  the  moon :  even 
the  erratic  comets  seem  to  submit  to  the  calculations  of  our 
astronomers.  But  the  interior  of  that  very  eartti  upon 
which  we  walk,  baffles  our  researches.  We  have  never 
penetrated  one  two  thousandth  part  of  the  diameter  of  the 
globe.  Nay,  even  the  very  surface  of  the  earth  is  not 
known  to  us  throughout  its  whole  extent  We  shall  per- 
haps forever  remain  ignorant  of  the  secrets  which  the  two 
polar  regions  contain.  Let  us  then  endeavour  to  resist 
the  seduction  of  systems,  and  detail  with  clearness,  and 
above  all  with  fidelity,  the  limited  number  of  facts,  which 
observation  has  collected,  and  which  have  passed  the  ordeal 
of  sound  investigation. 
PhyBicai  When  we  cast  our  eyes  over  a  map  of  the  world,  we  per- 
theSbe!'^^®*^®^  that  the  surface  of  the  globe  is  divided  into  large 
masses  of  land,  which  we  call  continentSf  and  great  cavities, 
Conti-  tUled  with  water,  which  we  term  seas.  As,  in  tiie  parts 
saaty&c.   covered  with  water^  we  observe  small  masses  of  land 
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whose  surfaces  rise  above  it,  which  we  name  islands,  so  are    book 
tiiere  upon  ihe  continents  small  detached  spots  covered  with     ^''* 
water,  which  we  call  lakes.    An  island  differs  from  a  conti-  — "—^ 
nent  only  in  its  dimensions  |  and  in  fact,  we  give  the  name 
of  continent  to  certain  portions  of  land,  only  because  we 
have  for  a  long  ti.ne  remained  ignorant,  whether  a  ship 
coaid  sail  round  them,  and  because  some  physical  circum- 
stances have  hitherto  prevented  such  a  voyage.* 
Many  portions  of  the  land  and  of  the  sea  extend  reciprocal-  Mediter- 

-  rftD6ftii 

I7  the  one  into  the  other.  If  the  sea  penetrate  into  the  in-  seas,  guUs, 
terior  of  any  continent,  it  forms  there  a  mediterranean  or  in-  ^^* 
land  sea,  surrounded  almost  on  all  sides  by  land,  and  having 
only  a  narrow  opening  into  the  ocean.  If  the  extent  of 
such  seas  be  less,  and  the  openings  larger,  they  are  called 
gulfs  or  haySf  two  terms  which  geographical  writers  have 
wished  to  distinguish,!  but  which  customary  language  more 
frequently  confounds.  The  still  smaller  portions  of  sea^ 
sorrounded  as  it  were  by  land,  and  which  afford  a  shelter 
for  ships,  are  called  ports,  creeks,  or  roadsn  The  first  term 
means  a  secure  asylum;  the  second  is  applied  to  places  or 
ports  of  much  smaller  size,  and  which,  when  improved  or 
completed  by  artificial  aid,  are  styled  Jiarbaurs,  and  the 
roads  afford  only  a  temporary  anchorage  and  security  from 
certain  winds.  Jf,  on  the  other  hand,  parts  of  the  continents 
shoot  into  tiie  seas,  and  are  connected  with  the  main  land 
by  only  a  small  portion  of  their  circumference,  they  are 
named  pminsttlos,  whose  figures  often  correspond  with  those  Peninsu- 
of  gulfs  and  inland  seas.  When  such  masses  of  land  are'*^''  ^* 
attached  to  the  continent  by  a  greater  extent  of  line  than 
one-fourth  of  their  circumference,  they  are  not  considered 
as  peninsulas.  Arabia,  for  example,  seems  to  deserve  this 
name,  but  the  custom  of  applying  it  equally  to  the  ad- 
yanced  part  of  India,  west  of  the  (Ganges,  offends  against 
exact  description.    It  is  thus,  that  nature  sports  with  our 

*  Kanty  Gfographie  Physique,  iL  part.  I,  p.  67.  £dit,  de  VoUroer. 
t  Fleurieiiy  Introduction  au  Voyage  de  Marchant, 
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BOOK  classifications.  If  the  projections  of  land  reach  but  a  little 
▼II*  way  into  the  sea,  tliey  are  called  capeSf  promoniorieSf  or  sim- 
*^"'"""""  ply  points.  A  natural  canal  communicating  with  the  sea  at 
both  ends,  and  confined  hy  two  opposite  shores,  is  called  a 
$trait :  the  reverse  is  an  isihmuSf  that  is,  a  tongue  of  land 
running  between  two  seas,  and  by  which  two  greater  mass- 
es of  land  are  united.  Many  other  terms  of  a  similar  kind, 
being  used  only  locally,  will  be  defined  as  we  employ  them 
in  the  course  of  our  work. 

Let  us  now  consider  the  surface  of  the  globe  under  one 
general  point  of  view.    We  perceive,  that  it  consists  of  one 
vast  ocean,  in  which  a  great  number  of  islands  are  placed, 
whose  size  varies  from  that  of  the  most  colossal  to  the  roost 
minute.    Two  of  these  islands  are  termed  continents;  that 
which  is  inhabited  by  the  oldest  civilized  nations  is  called 
Andent     the  old  continentf  and  contains  three  divisions  of  the  world, 
DWilionf'  n^ni^ly*  Asia,  Europe,  and  Africa,  while  the  whole  of  the 
of  the       new  continent  is  comprised  under  the  name  of  America, 
though  nature  has  divided  it  into  two  distinct  peninsulas, 
New  coDti- one  of  which  ought  in  strict  historical  justice  to  be  called 
Columbia.    In  the  midst  of  the  most  extensive  mass  of  wa- 
ters is  placed  New  Holland,  which  many  geographers  call  a 
third  continent;  although  it  is  perhaps  more  correct  to  con- 
sider it  as  by  far  the  largest  island  in  existence*    When  we 
find  a  considerable  number  of  islands  grouped  together,  we 
give  the  name  of  archipelago  to  the  whole.    The  vast  archi- 
pelago which  extends  to  the  east  of  the  ancient  continent,  and 
in  the  centre  of  which  New  Holland  rises  majestically,  seems 
worthy  of  being  considered  as  a  new  division  of  the  world, 
which  we  shall  distinguish  by  the  name  of  Oceanic 
The  ocean.     There  is  upon  our   globe,  properly  speaking,  only  one 
seat  one  continuous  fluid  spread  round  the  land,  and  which 
probably  extends  from  one  pole  to  the  other,  covering  near- 
ly three-fourths  of  the  surface  of  the  earth.    AU  the  gulfs, 
all  the  inland  seas  form  only  portions  detached  but  net 
entirely  separated  from  that  universal  sea,  which  we  call 
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the  ocean.    It  is  only  for  the  sake  of  greater  coBvenience    book 
that  we  distinguish  diSerent  parts  of  that  ocean  under  tiie     ^^^' 
name  of  seas.    But  this  arbitrary  and  incomplete  division  is  — — 
at  the  same  time  the  occasion  of  ambiguity,  and  varies  among 
different  nations.    We  adopt  the  following  classification,  the  ciawtfica* 
simplicity  and  justness  of  which,  can  be  easily  verified  by  gJJ|i,® 
means  of  an  artifical  globe. 


Great  Amtro- 
OrienUd  hiuin  or 
set,  occttpyiog 
the  greatest  part 
of  the  aquatic 
heoiUpbere  of  the 
Slobe. 


1.  Amtral 
Ocean^  or 
icy  sea  of 
the  South. 


^Its  frontier  may  be  fixed  by  a  line,  drawn 
from  Cape  Horn  to  the  Cape  of  Good 
Hope,  from  thence  to  Van  Diemen^s  Land, 
and  returning  by  the  south  of  New  Zealand 
to  Cape  Horn. 

(a.  The  OrteU  Archiptlagn^  or  the  part  com- 
prised between  New  Zealand  on  the  south, 
the  islands  of  Marquesas  on  the  east,  the 
island  of  Formosa  on  the  north,  and  the 
straits  of  Malacca  on  the  west. 

6.  J^orthem  Oritnial  Oetan^  between  Asia 
and  North  America.  The  inland  seas  of 
Japan  and  Kamtchatka,  and  the  sea  of 
Bebring,  form  a  part  of  it. 

c.  Southern  Oriental  Ocean j  from  the  islands 
of  the  Great  Archipelago  to  South  America. 


{With  its  different  gulphs.  The  limits  above 
mentioned  mark  out  what  remains  for  this 
section.  The  gulphs  of  Arabia,  Persia,  and 
Bengal  form  a  part  of  it. 


2.  Oriental 
or  Pacific 
Ocean, 


B. 

The  Western 
bosmj  forming 
2  tort  ofehan- 
oel  between  the 
tvo  great  conti- 
riCDtf. 


4.  Wettem 
Ocean. 


[a.  Jiorthem  Ocean,  Its  southern  limit  is 
formed  by  the  department  of  France,  called 
the  Pas  de  Calais,  by  Great  Britain,  the 
isles  of  Faroe,  and  Iceland. 

The  northern  inland  seas  of  Europe,  and 
the  northern  icy  sea,  are  branches  of  it. 

6.  The  Atlantic  Ocean ;  from  the  preceding 
frontier  to  the  two  points  where  the  coasts 
of  Brazil  and  Guinea  approach  nearest  to 
each  other. 

1.  The    Mediterranean   and    its 

gulphs. 
Braucbes.-{  2.  The  Gulph  of  Mexico,  &c. 

3.  Baffin^s  bay  and  Hud8on''s  Bay, 

or  the  seas  of  the  Esquimaux. 

c.  The  Ethiopia  Oceany  between  Brazil  and 
Africa,  as  far  as  the  line  from  Cape  Horn 
I      to  the  Cape  of  Good  Hope. 
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BOOK       In  following  this  division  upon  the  globe,  many  general 
^'^-     results  will  evidently  strike  us. 
"*"■"■"     Is  it  not,  in  the  first  place,  very  remarkable,  that  one 
half  of  the  globe  should  be  covered  with  water,  while  the 
other  half  contains  less  water  than  land  ?    In  order  to  have 
under  our  view  the  whole  of  the  aquatic  hemisphere,  we 
and  aqua-  must  tum  the  globo  SO  that  New  Zealand  may  form  the 
where"*"    highest  point;  or  we  must  examine  a  map  of  the  world, 
projected  upon  a  horizon  little  distant  from  that  of  Paris  :* 
the  hemisphere,  circumscribed  by  the  horizon  of  our  anti- 
podes, presents  to  the  view  only  some  islands,  some  promon- 
tories, and  some  narrow  lines  of  coasts  in  the  midst  of  an 
Dimen-      immense  sea ;  while  the  hemisphere  bounded  by  our  horizon 
Austro-^*  comprises  almost  the  whole  of  the  land.    If  the  masses  of 
Oriental     polar  ice  of  the  south   do  not  contain  some  considerable 
islands,  we  can,  by  following  the  meridian  of  the  Cape  of 
Grood  Hope  through  the  pole,  till  we  reach  the  neighboar- 
hood  of  Behring's  straits,  trace  a  line  of  two  hundred  de- 
grees,  or  of  four  thousand   marine  leagues;  a   line  ex- 
ceeding by  more  than  four  hundred  leagues  half  the  cir- 
cumference of  the  globe,  and  which  passes  over  a  surface 
entirely  covered   with  water.    A   line  drawn   under  the 
equator  from   Africa,   through   Sumatra   and   Borneo  to 
America,  passes  over  a  surface  of  water,  with  only  two  or 
three  interruptions,  of  four  thousand  two  hundred  leagaes. 
Lastly,  the   fortieth  parallel  of  south   latitude  aflTords  an 
aquatic   zone,   interrupted  only  for  fifteen  degrees,   and 
consequently  forming  a  circumference  of  nearly  five  thou- 
sand three  hundred  marine  leagues,  a  space  little  less  than 
two-thirds   of  the  periphery   of  the  globe.     Such  is  the 
vast  extent  of  the  Austro-oriental  basin  of  the  ocean  upon 
our  earth. 

The  form  of  the  western  basin  is  not  less  striking.  It 
resembles  a  channel,  narrowing  towards  the  pole,  and  com- 
municating^^vith  the  Austro-oriental  basin,  on  one  side  by 

*  Sec  Lc  planisphere  du  Pirc  Chrysologue  de  Gy,  or  the.AUas  of  this  work. 
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tte  straits  of  Behiing,  and  on  the  other  by  the  large  open-    book 
iog  of  tiie  Ethiopic  ocean.    The  Mediterranean  Sea  cor-     '^^* 
responds  to  the  gulf  of  Mexico;  the  Baltic  and  Northern  — ^— 
fleas,  are  o|^oeed  to  Baffin's  and  Hudson's  Bays. 

The  distribntion  of  water  and  land  is  also  very  unequal,  compan- 
\t,  without  considering  the  forms  of  the  two  grand  basins  J^'J^J^^* 
of  tbe  ocean,  we  compare  the  hemispheres,  separated  by  and  south- 
the  equator,  or  the  northern  and  southern  halves  of  the  pj^eresT'*" 
globe.    We  have  found,  by  a  pretty  exact  computation, 
that  the  land  in  each  hemisphere  and  the  zone  bears  to  the 
whole  surface  the  following  proportions : 

In  the  icy  zone  of  the  north, 0,400 

In  the  temperate  zone  of  the  north 0,559 

In  the  norttiern  part  of  the  torrid  zone  •    •    •    ^    •    0,297 

In  the  northern  hemisphere      •    •    • 0,419 

In  the  icy  zone  of  the  south 0,000 

In  the  temperate  zone  of  the  south 0,075 

In  the  southern  part  of  the  torrid  zone 0,312 

In  tiie  southern  hemisphere 0,129 

Geographers  and  naturalists,  about  the  middle  of  theisagouth- 
eighteenth  century,  endeavoured  by  various  arguments  to  ^|[|^(^g°^^s. 
account  for  this  unequal  distribution  of  land  and  water,  sary  for  the 
They  asserted  the  existence  of  a  great  southern  continent,  ^f^J""""" 
which  was  necessary  to  counterbalance  the  mass  of  land  globe. 
situated  in  the  northern  hemisphere.*    But  the  voyages 
of  Cook  have  put  an  end  to  all  these  conjectures.'   That 
navigator  found,  up  to  the  70th  degree  of  south  latitude, 
only  one  vast  sea,  containing  many  floating  masses  of  ice, 
together  with  a  few  islands  which  had  been  mistaken  for  the 
promontories  of  the  southern  continent    There  remains 
therefore  towards  the  pole  only  about  five  or  six  hundred 

*  Bergmann's  Physical  Geography.    I.  p.  6.  (2  edit,  of  Upsal,  in  Swedish,) 
Dalrymple's  History  of  Navigation,  BuffoD,  Buache,  &c.  kc. 
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BOOK    thousand  square  marine  leagues,  in  which  there  can  be 
^^^*     any  land,  inaccessible  to  navigators  on  account  of  the  ice;* 
but  the  whole  of  this  mass  would  very  little  alter  the  pro- 
portion between  the  two  hemispheres. 

According  to  the  opinion,  now  generally  admitted,  tliat 
part  of  the  land  which  is  elevated  above  the  surface  of  the 
sea*  is  so  little  in  proportion  to  the  immensity  of  the  globe, 
that  the  effect  of  its  unequal  distribution  upon  the  equili- 
brium of  the  globe  is  in  fact  nothing,  or  so  small  as  to  pro- 
duce no  sensible  effect.  Besides,  it  is  possible,!  that  the 
sea  towards  the  south  pole  may  be  less  deep  than  in  the 
northern  hemisphere,  and  thus  the  tracts  of  land  under  the 
sea  towards  the  south,  may  counterbalance  the  continental 
masses  of  the  north,  which  are  more  elevated  indeed,  but  sur- 
rounded by  much  deeper  seas.  This  h3rpothesis  would  be 
more  plausible,  if  the  greater  flattening  of  the  globe  towards 
the  south  pole,  indicated  by  the  measurements  of  M.  La 
Caille,  in  Africa,^  should  ever  be  confirmed  by  correspond- 
ing measurements  in  America,  and  in  New  Holland ;  for 
then,  that  hemisphere  being  in  general  more  depressed  than 
ours^  the  ocean  by  its  own  tendency  to  establish  a  level, 
would  spread  itself  over  the  surface  of  the  southern  land, 
which  would  be  thus  covered  by  the  sea. 
Direction  The  two  continents  present  a  similarity  of  appearance  in 
o  pemn-  ^j^^  direction  of  their  peninsulas ;  they  are  almost  all  turn- 
ed towards  the  south.  This  is  the  case  with  South  Ameri- 
ca, California,  Alascgha,  Greenland,  Arcadia,  Florida^ 
Scandinavia,  Italy,  Greece,  Arabia,  India,  Corea,  Kamt- 
chatka,  and  Africa.$    Two  remarkable  peninsulas  indeed, 

*  In  February  1819,  land  ivas  discovered  by  Mr.  Wiliiam  Smith,  Captaiii 
of  an  Englisli  brig,  when  his  ship  was  m  Lat.  62°  40°  South,  and  Long.  60^. 
West :  he  traced  the  coast  for  250  miles,  but  it  is  yet  to  be  ascertained  whether 
this  is  an  island  of  considerable  size,  or  a  part  of  a  continent.  It  is  by  no 
means  improbable  that  it  may  be  connected  with  southern  Thulc,  the  most 
southerly  part  of  Sandwich  land  seen  by  Captain  Cooli  in  1775,  and  situated  in 
59.  30  S.  lat.  and  27°  30  W.  long. 

t  Desmarets,  Encycl,  Method.  Geo.  Phys,  i. 
t  See  Book  ii.  p.  53. 

*  Bacon.  Nov. Organ.  L.  ii.  Aphoi.  27. 
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locatan  and  Jutland  stretch  towards  the  norths  but  they    book 
consist  only  of  plains  and  alluvial  land.  ^^^ 

But  the  general  direction  of  the  land  is  entirely  different  r  [ 
in  the  (wo  continents.  In  the  new  continent  it  extends  of  the  con- 
from  pole  to  pole ;  while  in  the  old  the  direction  is  more  ^>"«°^'- 
pandlel'to  the  equator;  and  if  we  examine  only  Europe 
and  Asia,  it  is  perfectly  so*  The  longest  straight  line 
which  we  can  trace  upon  the  ancient  continent,  running  it 
as  much  as  possible  over  land,  commences,  according  to 
Bei^mann,  under  the  6 1st  degree  of  north  latitude,  near 
the  mouth  of  the  river  Fonaschka  in  the  sea  of  Anadyr, 
and  crossing  over  the  town  of  Nargun,  the  lake  of  Aral, 
and  the  sootfaem  part  of  the  Caspian  Sea,  passes  near. the 
Persian  Oulf,  and  to  the  north  of  the  straits  of  Bab-el- 
Mandeb ;  it  then  traverses  Africa,  following  the  course  of 
the  mountains  of  Lupata,  or  the  spine  of  the  globe,  and 
tmninates  at  the  Cape  of  Good  Hope.  It  is  148  degrees, 
or  2960  marine  leagues  in  length.*  It  forms  with  the 
equator  an  angle  of  65  degrees,  and  the  parts  of  the 
continent^  situate  to  the  east  and  west  of  this  line,  are 
aeariy  equaL  It  id  difficult  to  trace  a  similar  line  over  the 
new  continent.  Bergmann  makes  it  begin  at  the  60*"  north 
latitude,  and  at  £65''  longitude  east  of  the  island  of  Ferro. 
It  continiies,  according  to  Bnffon,  to  pass  over  Florida  and 
the  islands,  to  the  mouth  of  the  river  La  Plata.  Accord- 
ing to  him  it  in  one  hundred  and  five  degrees,  or  two 
thousand  one  hundred  marine  leagues  in  length,  and  makes 
an  angle  of  sixty-eight  degrees  with  the  equator.  Ac- 
cording to  the  latest  discoveries,  this  line  ought  to  be 
prolonged  ten  degrees  farther  north }  its  length  will  then 
be  2300  leagues.  But  we  cannot  accurately  represent 
the  length  of  the  new  continent,  except  by  a  line  con- 
tuning  many  curves,  in  passing  from  the  '^icy  cape"  of 
Cook,  through  Mexico  and  Quito  to  Cape  Horn.  We 
shall  then  have  a  line  ot  more  than  3000  leagues  in  ex- 

*  Pbys.  Geo£.  !•  3— ••    Comp.  Buffeny  Preuves  de  la  Theoiie  de  la  Tert<!, 
Art,  6.    The  line  drawn  by  Baffon  passes  above  the  Icy  Sea. 
TOL.  I.  11 
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BOOK    tent    Tbi9  line  will  divide  the  contiiieiit  into  two  very 
^*^*     unequal  parts. 

; —     If  we  were  to  suppose  tliat  the  country  round  Baffin's 

Tf  ihSe.  Bay,  and  that  discovered  to  the  north  of  Siberia,  form  an 
uninterrupted  continuation  of  the  continent  of  America, 
the  new  world  must  approach  much  nearer  to  the  Arctic 
pole  than  the  ancient  world.  The  frozen  parts  would  thus 
be  much  more  extensive,  and  the  torrid  regions  much  less 
than  those  of  the  old  continent  The  solution  of  the  differ* 
ence  in  the  climates  of  the  two  great  continents  seems  to 
depend  upon  this  fact 
ContraBted  The  peculiarities  of  the  isthmuses  that  divide  each  conti- 
ik!^^""^''  nent  into  two  very  unequal  parts,  (Sues  being  composed 
entirely  of  sand,  while  that  of  Panama  is  formed  by  rocks 
of  granite  and  porphyry,)  lead  us  to  remark  a  very  aingalar 
difference  in  those  two  great  islands  of  the  globe.  The 
ancient  world  is  in  almost  every  part  open  to  the  advisees 
of  the  ocean,  and  from  the  straits  of  Behring  to  those  of 
Bab-el-Mandeb  on  the  one  side,  and  to  those  of  Oibrdtar 
on  the  other,  the  bays,  gulfs,  inland  seas,  &c  al«,  as  it 
Were,  in  a  sort  of  equilibrium,  at  least  with  respert  to  nsm- 
bers ;  while  the  mass  of  Africa  is  not  penetrated  bf  sue 
single  arm  of  the  sea.  The  new  continent,  on  the  contrary, 
having  only  one  considerable  gulph,  that  of  Califiimia,  or 
the  sea  of  YermeUle,  on  ite  western  shore,  presente  on  the 
apposite  coast  a  chain  of  gulphs  and  inland  seas ;  and  when 
^lese  are  awanting,  some  immense  river  is  found  to  supply 
the  link.  It  is  time,  then,  fyr  geologisto  to  Cease  fitm 
copying  Buffon,  when  he  would  represent  the  two  continente 
as  exhibiting  more  breaks  and  inleto  on  the  east  side  than 
on  the  west 
^oun-  Let  us  now  pass  fron#  tins  view  of  the  inequalities  which 

laird*  ^^  ^  horizontal  profile  of  our  globe  exhibits,  to  an  examina- 
^ainfy  or  Hon  of  thoso  which  result  from  a  perpendicular  section. 
^*    "''       Mountains  form  the  most   considerable  eminences  on 
the  surface  of  the  earth,  and  have  their  descent  more 
or  lesd  rapid.     We  must  distinguish  them  from  ^pla- 
teaus,'' or  upland  plains,  which  consist  of  great  masses  of 
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elevated  land,  commonly  forming  the  centre  of  continents    book 
or  of  i8laDd%  bat  the  sides  of  which  are  long  and  extended,     ^^^* 
and  witti  bat  little  i^iparent  declivity.    A  plateau  may  have  ' 

opon  its  elevated  surface  mountains,  plains,  and  valleys. 
Some  of  them  are  sufficiently  inclined  to  allow  the  waters 
wlich  accumulate  upon  them  to  flow  down ;  there  are  others 
wUch  preserve  the  same  level  throughout  a  great  extent, 
and  where  the  rivers  do  not  find  any  outlet  We  m^et  with 
some  plateaus  of  the  latter  sort  in  Europe,  principally  in 
Croatia  and  in  Camiolia,  but  they  are  of  small  dimensions. 
In  order  to  see  them  in  perfection,  we  must  visit  Tartary, 
Persia,  and  the  centre  of  Africa."*^  These  plateaus  have 
their  general  level  more  elevated  than  the  rest  of  the  conti- 
nent; they  seem  to  be  the  most.ancient  masses  of  land,  and, 
as  it  were,  the  imcld,  or  kernels,  round  which  the  additional 
soil  accomulated. 

Moontains,  in  their  exterior  forms,  present  some  varieties  ^ormt  of 
which  strike  even  the  most  inattentive  observer,  and  which,  °'^"  ^"^* 
at  trst  sight,  may  lead  us  to  presume  that  there  is  some 
>  in  their  internal  composition.    The  highest  moun- 
I  moet  frequently  present  a  surface  of  naked  rock,  but 
the  natqre  of  the  rocks  produces  varieties  in  their  sec- 
tions and  outlines :  here,  they  shoot  up  into  the  form  of 
eaornMNis  crystals,  with  sharp  angles,  heaped   up   and 
sapported  by  each  other;   in  another  part,  vast  and  ele- 
vated masses  are  crovnied  with   circular  summits,  which 
rise  into  the  air  with  less  boldness.   Sometimes  there  appears 
an  immense  steep  and  abrupt  surface,  which  lays  open  to 
view,  as  it  were,  the  entrails  of  the  mountain  itself.    We  Needles, 
describe  these  appearances  under  the  names  of  needles,  ^'^''    ^* 
peaks,  teeth,  horns,  domes,  breacbes.t    Next  in  order  to 
tlwse  broken,  arid,  and  steep  summits,  we  see  mountains, 
tiM  ferms  of  which  bear  a  character  of  tranquillity,  an  indi- 
cation of  their  slow  and  successive  formation ;  these  monn« 

'^  See  the  articles  Tartary^  Penia,  &c.  vol.  it. 

t  IlomboUIt,  Saussure,  Pallas,  etc.    See  the  articles  ^^Ips^  Apennir9t$^  Ftfre- 
neei.  vol.  vi«  Andes,  vol.  iv,  &c. 

11 


164  BOOK   SEVEHTH. 

BOOK  tains,  which  are  still  considerable,  formed  by  strata  or  lay- 
^^'*  ers  variously  inclined,  generally  exhibit  an  infinite  variety 
of  forms,  in  consequence  of  the  changes  to  which,  from  nmn- 
berless  causes,  thoy  have  been  subjected.  In  one  place,  a 
vast  amphitheatre  is  seen  rising  in  majestic  and  regular 
gradation,  like  the  Kinnegulla  in  West  Gothland.*  In 
another  there  is  a  large  mass  Cut  perpendicularlyt  and  pre- 
senting the. form  of  an  altar  lilce  the  table  moantain  at  the 
Cape  of  Good  Hope.  There  are  mountains  in  Chinay  which 
have  the  appearance  of  the  head  of  a  dragon,  a  tiger,  or  a 
bear.f  In  other  places,  you  see  a  labyrinth  of  rocks  rifling 
like  pillars,  as  at  Adersbach  in  Bohemia,  or  in  one  single 
mass  in  the  form  of  a  large  nine-pin,  as  Mont  Aiguille  in 
the  province  of  Dauphine4  We  see  some  also  near  Bn- 
vionne  in  the  Valais,  which  rccal  the  figure  of  ti»  old 
French  frizzled  wigs,  Cpemtques  moutonnismj  Bat  the 
most  common  appearances  are  those  formed  by  layers  of 
stones,  in  an  undulated  or  farrowed  shape- 
After  these  mountains  of  the  second  rank,  we  flnd<  hills 
more  or  less  lofty,  which,  on  all  sides,  present  to  the  eye 
but  little  elevation,  and  a  gentle  declivity.  These  hills, 
furrowed  by  streams  of  running  water,  often  graduaHy 
slope  away,  and  at  last  lose  themselves  in  the  plains.  Some- 
times their  sides  are  so  rugged  and  precipitous  as  to  pro- 
duce on  tlie  mind  almost  all  the  picaresque  effect  of  high 
mountains.  i 

voic&oic  The  peaks,  or  higher  parts  of  mountains,  formed  by  vol- 
P«*^*-  canic  agency,  differ  very  much  from  the  usual  forms.  Their 
conical  or  pyramidal  masses  are  distinguished  by  their  re- 
gularity even  when  they  have  been  broken  ofl^,  or  truncated, 
by  some  accidental  cause.  Their  towering  summits  seem  to 
menace  the  neighbouring  country.  The  basaltic  mountains 
also  present  an  appearance  not  less  striking,  when  they  are 
not  covered  and  concealed  by  other  soil.    Their  sides  dis-  \ 

i 

*  Mem.  de  TAcad.  de  Stockholm,  1747,  pi.  Hi.  I 

t  Osb^k's  Voyage  to  China,  286.  in  Swedish.  j 

%  Lancelot,  les  Mervcilles  du  Dauphinc,  dam  les  Mem.  de  I'Acad.  del  In-  , 
scriptions,  torn.  is.    Saussure,  Voyage  dans  les  Alpet,  sec.  1061. 
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play  to  tlie  riew  close  ranges  of  immense  pillars  or  cause-    book 
WBTS,  which  seem  to  be  the  production  of  giants.    The  de-     ^^'* 
aeriptHMiy  however^  of  all  the  forms  which  these  rocks  cxhi- 
hikf  would  lead  us  away  fram  the  subject  of  this  book. 

There  is,  however,  one  eccentricity  of  nature,  if  it  may  be  Perforated 
so  called,  which  deserves  to  be  noticed  here,  namely  moun-  *"**""'*"*'■ 
tains  bored  through.  Some  have  supposed  that  such  perfora- 
tions have  been  accomplished,  in  part  at  least,  by  the  per- 
severing industry  of  man.  The  Pierre-Pertuise  in  Mount 
Jura,  and  Pausilippo  near  Naples,  are  instances  of  tliis 
kind.  But  nature  has  left  unequivocal  marks  of  her  power 
in  other  phenomena  of  this  kind.  The  Torghat  in  Norway 
b  pierced  by  an  opening  otic  hundred  and  fifty  feet  high, 
and  three  thousand  long.  At  certain  seasons  of  the  year 
the  san  can  be  seen  darting  its  rays  from  one  extremity  to 
the  other  of  this  vault'*'  Near  New  Zealand  there  is  a 
rodcy  arch  throi^h  which  the  waves  of  the  sea  pass  at  high 
water.  These  phenomena  differ  from  caverns,  only  from  the 
drcumstance  of  having  a  passage  entirely  through. 

Another  general  point  of  view,  in  which  mountains  may  chains  of 
be  considered,  is  their  position  relatively  to  each  other.  ™""'!^^'"^> 
Some  are  completely  insulated,  more  particularly  those  of  uted  ones. 
a  volcanic  origin;  it  is  the  same  also  with  those  of  a  calra- 
reoas  natare  and  some  others.  Both  China  and  Iceland 
fomisb  many  examples.!  The  rock  of  Gibraltar  and  the 
fortress  of  Gwalior  in  Hindostan  ai-o  of  this  description. 
We  may  also  mention  Mount  Aomos,  where  a  whole  people 
BUf^rtod  a  siqj^e  against  Alexander.:):  Mountains  are  seen 
most  frequently  in  groups.  Sometimes  chains  branch  out 
from  a  common  centre  in  angular  directions.  Sometimes 
the  centre  mass  itself  is  a  lofty  chain,  straight  or  curved, 
whence,  at  different  periods,  secondary  chains  have  appa- 
rentty  been  formed ; — the  Alps  may  be  placed  in  this  class. 
Sometlraes  we  see  irregular  groups  of  several  chains,  among 
which  no  one  in  particular  can  be  ranked  as  the  principaU 

•  PoutoppkJan''s  Natural  History  of  Norway,  i.  75 — 79,  (in  Danish.) 
t  B«r$niann,  Geop;.  Physique,  i.  171.  t  Quint.-Cmt, 
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Snch  are  the  collections  of  mountains  in  Asia  Minor  and  iu 
^^^  Persia.  Bat  the  most  remarkable  sort  is  that  of  long  con- 
nected  chains^  which,  like  the  Cordilleras  des  Andes  in 
South  America,  continue  for  hundreds  and  even  thousands 
of  leagues,  nearly  in  one  constant  directioUf  having  on  both 
sides  regular  layers  or  ranges  of  inferior  mountains,  but 
sending  off  very  few  secondary  chains.  These  great  chains 
evidently  bear  the  stamp  of  the  highest  antiquity,  and  seem 
to  have  been  the  silent  witnesses  of  the  creation ;  it  is  upon 
their  summits  and  their  sides  that  we  can  read  the  history  of 
the  globe  in  characters  more  distinctly  defined,  than  even 
those  which  the  Alps  and  the  Pyrennees  afford* 
Connt c-  In  general  all  the  chains  of  mountains  in  the  same  conti- 
!iuin«.  ^^^^  "^™  ^  ^^^^  ^  mutual  connection  more  or  less  ap- 
parent :  they  form  a  sort  of  frame  work  to  the  land,  and 
appear,  in  the  ori(^  of  things,  to  have  determined  the  shape 
which  it  was  to  assume;  but  this  analogy,  were  we  to  ge- 
neralise too  much,  would  lead  us  into  error.  There  are 
many  chains,  which  have  very  littte^  or  rather  no  affinity 
to  each  other.  Such  are  the  mountains  of  Scandinavia 
and  of  Scotland ;  mountains  as  independmt  as  the  charaC" 
ter  of  the  nations  who  inhabit  them. 

In  making  use  even  of  the  word  '^chain,'^  great  caation 
is  required.  A  chain  may  be  defined  to  be  a  series  of  moun- 
tains, whose  bases  are  continuous ;  but  then  we  mast  not 
push  the  meaning  of  the  word  ^  base''  too  far.  It  would 
perhaps  be  of  advantage  to  understand  by  this  term  oniy  the 
visible  foot  of  the  mountain,  or  at  most  the  interior  strati^ 
which  can  be  easily  traced  near  the  surface.  At  any  rats, 
we  must  beware  of  considering  collections  of  hills,  or  banks 
of  sand,  as  continuations  of  chains. 

We  must,  however,  acknowledge,  that  the  name  of  chains 
is  not  Bufiiciently  general,  and  that  it  would  he  better  to 
reserve  this  word  for  the  subdivisions,  and  to  employ  the 
^  term  system  of  mountains,''  or  ^  mass  of  mountains^"  ts 
denote  a  collection  or  combination  of  many  chains. 
yBcI^itiet  Mountains,  whether  insulated  or  in  groups,  exhibit  on  both 
fv^  ^    sides  declivities  which  are  either  gentle  and  long,  or  rapid 


FHT8ieA£  GBOGBAPHY.  ]67 

and  broken.  We  ought  particalarly  to  remark  this  gene-  book 
ral  keU  Aat  the  greater  number  of  the  principal  mouutainsr  vn. 
have  one  of  their  sides  very  steept  and  the  other  of  a  very  — — — 
gndnri  dope.^  The  Alps*  for  exaraplOf  are  much  more 
n^d  in  their  descent  on  the  Italian  side  than  on  that  of 
Switzerland.  On  the  contrary,  the  Dophrines,  or  Scandi- 
navian Alps,  have  a  much  steeper  declivity  to  the  west  and 
north-west,  than  towards  the  south  and  east  The  Pyren- 
nees  are  steeper  towards  the  south  than  the  north;  the 
mountainB  of  the  Astorias  are  the  reverse;  but  those  of  the 
Siem-Morena,  and  particularly  the  Alpujarras  in  Grenada, 
aeon  to  be  steepest  and  most  abrupt  towards  the  south. 
Mount  Atlas  and  Mount  Libanus  border  the  Mediterranean 
with  bold  and  craggy  declivities.  But,  with  regard  to  the 
latter  at  least,  it  is  certain  that  towards  the  Euphrates  it  is 
fiur  from  steep.  Mount  Taurus  (supposing  it  to  terminate 
at  the  source  of  the  Euphrates)  exbibite  two  very  diflTerent 
declivities ;  for  in  Caramania  and  Natolia,  the  descent  is 
very  abrupt  towards  the  south,  while  there  are  some  very 
extended  upland  plains,  or  plateaus,  towards  the  north :  in 
Armenia,  on  the  contrary,  the  declivity  on  the  north  side  is 
very  rapid.  The  Ghaute,  in  the  peninsula  on  this  side  the 
Ganges,  have  precipitous  hflls  directly  towartt&  the  west, 
and  long  and  rather  gentle  slopes  towards  the  east  ^fe«S 
ttereis  no  constant  rule;  every  thing  depends  upon  local 
cn^mstances.  In  general  this  inequality  in  the  declivities 
takes  place  only  because  the  chains  of  mounteins,  when  most 
distinct  are  in  a  great  measure  nothing  but  the  abrupt  bor- 
dws  of  long  upland  plains,  or  plateaus  obliquely  inclined, 
of  which  the  surface  of  the  globe  seems  to  be  composed. 
We  ought  also  to  distinguish  the  mountains,  which  descend 
by  degrees,  or  successive  banks,  a  circumstance  attributed 
sometimes  to  the  sinking  of  parte  of  the  soil,  which  had 
been  of  a  different  nature  from  the  rest  and  sometimes  to 
tte  action  of  the  water  which  formerly  may  have  flowed  at 
the  base  of  these  mountains. 

*  Delamrtb^rie,  Theorie  de  la  Terre,  ate. 


168  BMK  8STBHTH. 


Valleys  are  formed  by  the  separation  of  chains  <^  moon- 
^''*     tains  or  of  hills.    Those  which  are  found  between  high 
-""—^  nioantains  are  commonly  narrow  and  long»  as  if  thoy  had 
originally  been   only  fissures   dividing   their   respective 
chains^  or  for  the  passage  of  extensive  torrents*     The 
angles  of  their  direction  sometimes  exhibit  a  singular  sym- 
metry.   **  We  see  in  the  Pyrennees,"  says*  M.  Raymond^ 
**  some  valleys,  whose  salient  and  re-entrant  angles  so  per- 
fectly correspond,  that  if  the  force  which  separated  them 
were  to  act  in  a  contrary  direction,  and  bring  their  sides 
together  again,  they  wouUl  unite  so  exactly,  that  even  the 
fissure  would  not  be  perceived."    This  fact  has  been  ob- 
served in  the  Alps  for  tlie  fireft  time  by  Bourguet^  who  has 
generalised  it  too  much  ;f  for  there  are  some  valleys  situ- 
ated on  a  high  level,  totally  difierent    We  sec  soin^  whicii 
have  a  great  extent  in  length  without  being  cnt  into  any 
angles  whatever,  forming  a  sort  of  elevated  plains ;  such 
are  generally  those  which  lie  on  the  side  of  the  principal 
chains,  ttio  Valais,  for  example.    There  ai*e  others  which 
are  large  or  swelling ;  Bohemia  or  Cachemire  are  iiistanccs 
of  this  sort    It  is  asserted,  tliat  they  have  been  the  basins 
ol'  Minr  :>nciont  lake,  which  had  become  dry  from  the  break- 
inj^  ut)\v»i  yf  tin.  |,;^„i^  or  daSl  formed  by  the  surronnding 
vaiirysjn  *' '  "^dius.    Tl»is  hvpotiiosis,  developed  by  Lamanon  and 
the  formofSulzer,^  appears  lo  be  one  of  the  best  founded  of  ^ny  which 
geologists  have  proposed.    There  are  also  »orae  highly  9t 
tuated  valleys,  containing  rivers  and  lakes  which  have  not 
outlets  or  streams.    There  is   a  remarkable  example  of 
this  in  Peru,  in  the  large  valley  which  contains  the  lake  of 
Titicaca.    Central  Asia  abounds  in  such  valleys.    Several 
nearly  of  the  same  sort  are  to  be  met  with  in  other  countries  | 
and  many  more  will  one  day  be  discovered  in  the  interior 
of  Africa. 

•  Observations  5ur  le«  Pyrt^ne??. 

t  Memoira  tur  la  Theorie  de  la  Terre,  «\  la  suite  iles  Lettres  Philosophique 
sur  les  Sels  et  Crisiaux,  p.  131.  Comp.  Buffon,  Hist.  Nat.  edit.  lamo.  i. 
p.  105. 

t  SulT^r,  EncfcJop.  Method.  Phys.  Geogr.  i.  art.  DeUm^therie,  *  1514,  kf- 
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High  valleys  preseBt  also  some  remarkable  circumstances  book 
as  4o  their  form.  Some  have  declivities  equal  an  all  sides ;  ^^^* 
others  slope  only  on  one  side^  and  to  a  great  extent^  while  - 

the  opposite  side  b  steep  and  abrupt.  Most  of  these  high  inciioatioo 
Talteys  have  their  surface  upon  a  level  with  the  summits  of  vaUeyv!  ° 
the  secondary  mountains  in  the  neighbourhood.  The  level 
of  the  lake  of  Joux»  in  a  valley  of  Mount  Jura,  is  conside- 
rably higher  than  that  of  the  lake  of  Geneva.*  In  a  few 
inslaiices  these  high  valleys  have  beeq  observed  to  enlarge 
tiiemselves  at  different  and  successive  periods,  and  gradual- 
ly to  become  identified  with  the  plains.  They  have  been  for 
ages  almost  completely  barred  and  confined  by  some  pro- 
jecting «n|^e  of  the  chain  of  mountains,  which  girds  ttiem 
in.  The  sort  of  narrow  passage,  by  which  we  enter  into  ^""g  ^«"' 
these  Talleys,  is  caUed  a  pass  or  defile,  and  as  formerly  each  ^^ 
valley  contained  a  small  independent  nation  or  tribe,  these 
passes  are  caUed  by  the  French,  **  les  portes  des  nations,'' 
Sack  were  the  passes  of  Caucasus,  the  Caspian  passes,  the 
pass  of  lasus,  rendered  celebrated  by  the  victory  of  Alexan- 
der; that  of  ThermopyliB,  immortalized  by  the  devoted  pa- 
triotism of  Leonidas  and  his  band  of  Spartans.  The  Cau- 
dnuB  Forcute,  where  Rome  saw  the  glory  of  her  unjust 
arms  deservedly  tarnished.  There  is  between  Norway  and 
Sweden  one  of  these  passes,  formed  by  several  masses  of 
rock,  cut  by  nature  into  the  shape  of  long  parallelograms^ 
and  which  have  between  them  a  passage,  shut  in  by  perpen*- 
dicvlar  walls.  This  pass  is  near  Ski»rdal.  Another  of 
the  same  kind  is  at  ^'Portfeld,"  or  the  mountain  of  the 
gate.!  These  openings  exactly  resemble  those  by  which 
the  Hudson  Biver  in  North  America  p^tsses  through  succes- 
sive chains  of  mountains,  which  seem  desirous  of  checking 
its  course.:^  The  Cordilleras  of  the  Andes  present  the  most 
stupendous  passes  of  this  kind,  that  are  known ;  they  are 

*  Saussure,  Voyages,  p.  376,  iqq. 

t  BergroaDD,  Geog.  Physique,  u  185.  Croastedt.  Description  de  la  lemptie^ 
<lani  les  Mem.  de  TAcad.  de  Stockholm,  1763,  p.  275. 
t  Kalm^s  Travels  in  America,  Hi.  161.  (in  Swedish.) 
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BOOK   from  foar  to  five  thousand  feet  deep.^    The  lower  valleys 

^<*    appear  to  us  under  a  very  diflerent  aspect;  they  widen  ss 

they  recede  from  the  secondary  mountains  from  which  they 

Lowvai-   originate,  and  gradually  lose  themselves   in  the  plains. 

l«7*«         Their  opposite  angles  generally  correspond  very  regularly, 

but  these  angles  are  very  obtuse. 
Higli  and  Plains,  like  valleys,  are  of  two  classes :  the  high  plains, 
low  piaini.  vhich  are  found  between  two  chains  of  mountains,  are  fre- 
quently of  great  extent,  and  are  placed  as  it  were  upon  the 
shoulders  of  the  secondary  mountains :  such  are  the  elevatp 
ed  plains  of  Tartary,  of  Persia,  and  probably  of  the  interior 
of  Africa.  The  plains  of  Quito  are  1£,000  feet  above  the 
level  of  the  sea :  those  of  Karakorum,  in  Chinese  Mongolia, 
are  probably  as  elevated.  The  low  plains,  whose  soil  is 
composed  of  sand,  gravel,  and  shells,  seem  formerly  to  have 
been  the  basins  of  interior  seas.  Such  are  tiie  plains  on  the 
north  side  of  the  Caspian,  the  large  plain  to  the  soutii  of 
the  Baltic,  and  that  through  which  the  river  of  the  Ama- 
zons flows ;  the  Tehama  of  Arabia,  the  Delta  of  Egypt  and 
others  of  a  similar  nature  \  which  seem  to  have  been  once 
covered  by  the  waters  of  the  ocean  and  its  gulphs. 

Hie  coasts  or  shores  of  the  sea,  and  of  lakes,  deserve  also 

great  attention.    These  are  the  extreme  limits  of  our  sys* 

tem  of  mountains.    Some  shores  are  broken   and  steep,* 

this  happens,  when  a  mass  of  rock  extends,  either  beneath 

or  above  the  surface  of  the  soil  quite  to  the  water ;  as  in 

Oallicia,  in  Bretagne,  in  Norway,  and  in  Scotland.    This 

description  of  coasts  admits  of  two  subdivisions.     1st,  We 

CoafU      have  those  which  are  abrupt  and  broken,  and  as  it  were 

i£deot6d^  notched,  formed  by  various  masses  of  rocks  united  at  their 

<^-  bases,  either  above  or  beneath  the  surface  of  the  water: 

these  rocks  often  form  clusters  of  islands,  which  surround 

the  coasts;  such  are  the  ^garden  of  the  king,*'  and  of  tiie 

^ queen,''  at  Cuba,  the  archipelago  of  Mergui  in  India,  the 

*  Humboldt,  Vues  des  Cordilleras,  p.  9. 
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coasts  of  New  South  Wales,  the  Skierg6rd  of  Norway  and  book 
Sweden*  This  class  may  again  be  subdivided  according  as  ^^^ 
tke  steepness  of  the  shore,  arises  from  true  gpranitic  and  ' 
stiier  rocks,  or  from  those  masses  of  coral  formed  by  the 
polypi  which  fill  the  seas  between  the  two  tropics.  Sdly, 
We  have  coasts  where  the  shore  or  boundary  is  equally 
steep  above  and  below  the  surface  of  the  water,  leaving  the 
sea  itself  qaite  free ;  these  are,  strictly  speaking,  the  **  steep 
coasts.''  Such,  in  general,  are  those  of  the  Mediterranean 
and  of  flie  Black  Sea :  those  of  Dalmatia  and  some  parts 
of  die  Archipelago  more  properly  belong  to  the  first  di* 
rision.  America  possesses  scarcely  any  other  variety  of 
coasts  on  the  side  of  the  Pacific  Ocean,  beginning  at 
Cape  Horn  and  proceeding  to  Behring's  Straits.  This  is 
die  largest  continuation  of  steep  shores  known  upon  the 
{^obe.  Mariners  call  a  coast  bold  blufl^  when  it  meets  the 
ocean  with  a  rapid  declivity,  and  clear,  when  it  is  not  bris- 
tled with  rocks. 

Low  coasts  are  formed  by  land  of  a  softer  quality,  ap-  Coasts 
proaching  the  water  by  a  gentle  and  gradual  slope.    These  ^^[j^^  ^^ 
oaj  be  thus  classed ;    1.  Coasts  formed  by  hills.    Such 
m  ftoee  of  all  the  Danish  islands,  of  Scania  and  Pomera- 
nia,  consisting  chiefly  of  calcareous  matter.    Shores  of  this 
land  seem  more  particularly  to  belong  to  lakes  and  small 
iidaod  seas,  although  indeed  the  basins  containing  these 
ve  often  surrounded  by  steep  shores,  as  grand  and  bold  as 
tinse  which  border  the  ocean.    2.  Flat  coasts,  formed  by  Coasts 
mis  and  substances  which  the  sea  has  deposited.    These  ^""J^J^^r 
appear  under  the  form  of  sandy  or  marshy  plains,  and  ex*  flats, 
tend  a  long  way  into  the  sea,  leaving  the  water  more  or  less 
sbdlow.    They  are,  however,  of  various  kinds.    They  are 
softetimes   like  those  in  Gascogne   and  Jutland,  the  an- 
cient sides  of  low  hills,  round  which   the  sea  has  c<4* 
Iccted  masses  of  sand,  which  are  either  fixed  w  shifting : 
^^niMstimes  they  are  a  sort  of  downs,"*  formed  by  the  sea^ 

*  The  low  and  flat  ground  at  Yarmouth^  in  Norfolk,  between  the  sea  and 
^  rinr,  if  called  the  Danes  or  Daines,  sTidently  from  the  French  word 
"Dunci.**    T. 
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Islands. 


Flat. 


BOOK  togetiier  witii  soil  deposited  by  large  riTers^  as  in  HoUattd, 
^^^  in  Egypt*  and  at  the  mouth  of  the  Mississippi.  A  collectioii 
'  of  slimy  matter  is  also  sometimes  formed  by  the  ocean»  as  in 
tiie  fiat  and  flooded  lands  on  the  shores  of  French  Guiana 
The  low  coasts  are  sometimes  exposed  without  any  natural 
raraparty  to  all  the  fury  of  the  waves,  and  then  we  may*  witii 
Tacitus,  be  uncertain  whether  to  regard  them  as  constitut- 
ing a  part  of  the  land  or  a  part  of  the  sea ;  others  are  secur- 
ed by  a  chain  of  downs  that  are  fixed  and  mingled  witli 
rocks  like  North  Jutland.  It  was  only  by  a  skilful  and 
persevering  imitation  of  these  natural  barriers,  that  the 
Dutch  recovered  the  soil  of  their  country  from  the  empire  ol 
the  ocean. 

Islands  of  great  extent  exhibit  on  a  small  scale  the  same 
appearances  as  the  continents  do  on  a  large  one.  Tbe 
smaller  islands,  however,  deserve  a  distinct  considera- 
tion. These  may  be  classed  in  various  ways.  They  are 
single,  or  in  groups  or  chains.  Among  the  low  or  flat 
islands,  there  are  some  which  are  only  banks  of  sand, 
scarcely  raised  above  the  surface  of  the  water ;  sometimes 
they  consist  of  masses  of  shells  or  petrifactions,  as  the  isles 
of  Lachof  to  the  north  of  Siberia,  which  are  nothing  but 
masses  of  ice,  sand,  and  the  bones  of  the  mammoth.  The 
greater  number  of  the  islands  of  the  South  Sea,  formed,  or 
at  least  enlarged  by  polypi,  are  composed  solely  of  coral  or 
Volcaaic.  madrepores.  Among  the  more  elevated  islands,  we  ind 
very  many,  which  owe  their  foundation,  in  a  great  measure 
at  least,  to  the  action  of  volcanoes,  which,  after  bursting 
forth  from  the  original  summit  of  the  island,  have  continued 
to  discharge  lava  from  their  crater  in  all  directions,  until  by 
slow  and  gradual  accumulation  they  have  formed  tho^  vast 
and  lofty  peaks,  which  serve  as  land  marks  to  tbe  distant 
Chaiot  and  mariner.  When  groups  of  islands  are  placed  near  each 
iSlandV^^  other,  we  may  fairly  conjecture  that  they  are  only  the  dif- 
ferent summits  of  one  extensive  submarine  mass.  So  alsoy 
when  they  appear  to  follow  one  constant  direction,  they 
probably  form  only  the  eminences  of  a  chain  of  submarine 
mountains.    Such,  when  situated  in  the  same  line  with  the 
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promontory  of  a  continent,  or  with  mountains  on  shore^ 
maj  be  considered  as  a  continuation  of  the  chain.  Thus* 
it  is  evident*  the  Rurile  islands  connect  Yeso  or  Jesso  with ' 
Kamtchatka^  in  the  same  way  as  the  great  and  small  An- 
tilles connect  the  two  continents  of  America.  But  to  make 
the  observation  hold,  the  intervals  which  separate  the  is- 
lands most  either  be  very  small,  or  be  filled  up  with  rocks 
ud  shoals  beneath  the  surface,  so  as  to  preserve  unbroken 
the  coBtinttity  of  the  bases  of  these  maritime  mountains. 
Thus,  the  supposed  connection  between  the  Canary  Islands, 
the  AaMiresy  and  mount  Atlas  in  Africa,  though  possible,  re- 
quires to  be  verified  by  repeated  soundings,  so  as  to  dis- 
cover the  nature  of  tlie  bottom  of  the  intervening  sea. 

Mountains,  in  general,  have  no  precise  and  regular  direc- 
tion. The  chains,  sooner  or  later,  bend  and  deviate  into 
a  curve,  and  frequently  lose  themselves  in  plateaus,  or  up- 
land {Aains. 

We  must  not  therefore  give  the  reins  to  our  imagina- Chaint  of 
tioD,  and  pretend  to  trace  entire  series  of  terrestrial  and  ^^Sih^ 
sabmarine  chains,  and  thus  form  a  frame-work  for  tiienonsof 
globe,  which  has  no  existence  in  nature.*    It  is  notsuffi-'^* 
cient  to  see  upon  a  map,  that  there  is  in  a  particular  place 
a  division  in  the  seas.    There  are  many  such  divisions  in 
tbe  world,  which  afford  no  traces  whatever  of  mountains, 
bot  only  of  extended  plateaus,  or  upland  plains,  which  rise 
^th  a  gentle  inclination  on  both  sides,  often  for  the  space 
of  a  hundred  leagues.    We  meet  with  no  lofty  mountains, 
but  a  collection  of  hills,  in  the  centre  of  European  Russia, 
although  thb  is  the  centre  whence  some  of  the  largest 
rivers  of  Europe  diverge.    Nay,  there  is  actually  in  Rus- 
sian Poland,  between  the  Niemen  and  the  Duina  on  one 
side,   an4  the  Dnieper   and    Dniester   on  the  other,    a 
point  of  division,  which  affords  no  sensible  elevation  what- 
ever, and  where,  instead  of  the  mountains  laid  down  by 

*Ph«Buacbe,  Essai  de  Geographie  physique,  dans  les  Mem.  de  TAcad. 
lies  Sciences,  1752,  p.  399. — Comp.  Lehmann,  Specimen  chorographiss  gene- 
»lit)  tractus  mootium  primariot  eiatens.    Petrop.  1762. 
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Boache^  travellers  have  discoyered  only  a  marahy  plaiii. 
TU*    £ven  about  the  middle  of  the  course  of  the  Dnieper^  there 
^""""^^  is  a  mountainoas  elevation*  consisting  of  pebbles  and  shells, 
which  that  river  passes  through^  following  a  deep  fissure  or 
.  gknif  in  which  it  runs.*    On  the  other  handf  the  Niemen 
passes  round  some  hills  of  Eastern  Prussia*  mnch  more 
elevated  than  the  point  of  division  of  the  waters*  as  is  shewn 
jn  Fig.  48*  w^h  is  the  profile  of  Kurope,  between  the  Baltic 
aad  the  Black  Sea.    A  total  difibrence  may  be  ebsenred 
between  this  profile*  and  that  which  the  same  quarts  of 
tlie  world  presents*  bisected  in  the  direction  of  the  galpfas 
of  Genoa  and  Hamboui^*  (Fig.  49.)  and  both  these  again 
form  a  contrast  with  that  of  the  plateau  of  Mexico*  (Fig. 
50.)  and  of  South  America.  (Fig.  51.)  one  of  which  is  co- 
pied firom  the  original*  in  the  possession  of  M.  Humboldt, 
and  the  other  from  a  scale  of  heights*  published  in  his  tra- 
vels.   We  may  easily  judge  into  what  absurdities  we  may 
be  led^  should  we  have  recourse  to  any  general  system 
whatever*  for  the  purpose  of  discovering  facts*  of  whicb 
^observation  alone  can  point  out  to  us  the  astonidiing  va« 
riety. 
Submarine     The  system  of  Buache  has  given  rise  to  those  chains  of 
cbaint.      sttbHiarine  mountains*  which  do  not  in  fact  exist*  but  which, 
neverthdess*  make  a  figure  in  some  theories  of  the  earth. 
A  detached  island*  a  sand-bank*  a  reef  of  rocks  at  the  snr- 
face  of  the  water*  are  sufficient*  in  this  author's  opinion,  to 
indicate  a  submarine  chain*  between   two  points  of  the 
world*  however  distant  from  each  other*    Nay*  sometiflies 
he  has  not  deigned  to  assign  any  reason  whatever  for  bis 
coqjectures.     For  example*  he  would  repi'esent  Iceland, 
the  Faroe  Isles*  and  those  of  Shetland*  as  forming  one  sob* 
marine  mountain  between  Greenland  and  Norway*  notwith- 
standing that  there  is  a  deep  sea  between  Norway  and  Shot- 
land ;  and  that  from  the  direction  of  the  mountains  being 
parallel*  and  not  converging*  these  chains  could  in  fact 

•  Hydrographical  chart  of  Poland  by  Roustan  and  Komarzewski.    Map  of 
Rizzi-Zannoni.    Notes  bv  MM.  Stibielowtt?.  and  Nicmcewski  of  Wtlna. 
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wver  coincide.  Besides,  the  basaltic  nature  of  Scotland, 
of  Ireland^  of  Faroe,  and  of  Iceland,  seem  to  point  out  an  ^^^* 
Mcient  union  of  the  British  Islands  with  Greenland,  rather  '~~**'* 
than  with  Norway.  In  the  same  way,  the  submarine  chains 
of  the  So«itb  Sea,  have  in  general  a  direction  quite  diflferent 
fnm  that  which  Buache  ascribes  to  them,  according  to 
tke  nncortmin  discoveries  of  his  time.  They  have  not  tito 
least  connection  either  with  Mexico  or  South  America^  any 
nue  dian  wifli  the  imaginary  Austral  continent  Maiqf 
of  these  chains  of  islands,  and  particulaiiy  those  which  are 
liie  most  insulated,  have  a  very  remarkable  direction,  but 
entirdy  opposed  to  the  system  of  Buache;  they  extend 
from  north-west  to  southrcast,  in  the  direction  of  the  mag- 
netic axis  of  the  earth. 

Let  us  however  ezaminei  notwithstanding  the  erroneous  Oeneraidi- 
hypotheses  of  our  predecessors,  whether  we  cannot  introduce  [hel^un- 
geaeral  views  more  conformable  to  the  truth,  in  our  attempts  ^^^^*^* 
to  trace  some  sort  of  constant  analogy,  in  the  direction  of  ^ 
&e  OMNiiitBiiis  of  the  two  continents. 

If  we  draw  a  line  from  the  centre  of  Thibet,  across  Chi- 
oese  Mongolia,  towards  Okotsk,  and  thence  towards  Cape 
TchutdUf  or  the  eastern  promontory  of  Asia,  this  line  will 
in  general  coincide  with  an  immense  chain  of  mountains, 
vUch  run  flrom  the  south-west  to  the  north-east,  and  every 
where  descend  very  rapidly  towards  the  Indian  and  Fa- 
cile Oceans ;  while  on  the  oflier  hand,  they  extend  them- 
ttlTes  towards  the  Icy  Sea,  in  plains  and  secondary  hills. 
It  is  probable  that  we  may  one  day  be  able  to  reduce  to  the 
siM  role,  the  chain  of  Lupata,  called  the  **  Spine  of  the 
worM,''  which  is  situated  in  Africa;  at  least,  the  short 
chau  from  the  Cape  of  Good  Hope  to  that  of  Guardafni, 
ma  direction  of  south-south-west,  and  of  north-north-eas^ 
which  is  nearly  the  same  direction  as  the  great  chain  of 
Asia;  but  we  are  still  ignorant  of  the  declivities  of  these 
BMwntains.    We  may  consider  the  lofty  and  steep  moun- 
tains of  Arabia  Felix*  as  the  link  which  connects  the 

*  SecUen,  dans  Zach.  Astron.  Corrcsp.  xi.     See   <<  Arabia,"  vol.  ii.  in 
•H's  work. 
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BiMiR    mountains  of  Lupata  with  die  plateaus  and  moavtains  of! 
▼II-     Persia^  on  the  side  of  Thibet 

From  Behring's  Straits  to  Cape  Horn,  if  we  follow  the 

western  coasts  of  America,  we  shall  find  one  unbroken  chain 
of  the  highest  mountains  of  our  globe.  This  chain  ocxasioQ- 
ally  bends  a  little  into  the  interior,  but  it  more  frequently 
closely  borders  the  ocean,  with  a  range  of  steep  and  bold 
shores,  and  sometimes  with  the  most  tremendous  precipices. 
On  the  other  sid^  the  outlets  of  lakes,  and  the  dlrectton  rf 
the  great  rivers,  evidently  shew  that  nearly  the  whole  sur- 
fiM^e  of  America  inclines  towards  the  Atlantic  Oceail. 
^J^?^  It  follows  from  these  combined  obseraktinnfl,  that  the 

the  globe,  greatest  chains  of  mountains  upon  the  face  of  our  globe 
are  ranged  in  a  circle  round  the  Great  Ocean,  and  the  In- 
dian Sea;  that  they  more  frequently  eiMMt  steep  and  ra- 
pid descents  towards  that  immense  bastai,  which  they  sur- 
round, and  long  and  comparatively  gentle  declivities  on  the 
opposite  coasts ;  that  in  short,  fi*am  the  Cape  of  Geod  Hope 
to  Behring's  Straits,  and  from  thence  to  Cape  Hwn,  the 
eye  even  of  the  most  severe  and  scrupulous  observer,  can- 
not fail  to  discover  some  links  of  an  arrang^nent^  as  aston- 
ishing from  its  uniformity  as  from  the  immense  estent  of 
country  which  it  embraces. 

Let  us  stop  h&re  for  a  moment^  and  consider  this  great  fret 
of  physical  geography.  If  we  suppose  ourselves  placed  in 
New  South  Wales,  with  our  face  turned  towards  the  north, 
we  shall  see  America  on  our  right,  Africa  and  Asia  on  our 
left  These  continents,  which,  not  long  since,  we  could  not 
even  in  imagination,  consider  as  at  all  approaching  each 
other,  being  examined  from  this  point  of  view,  form,  as  it 
were,  one  whole,  the  structure  of  which,  as  far  as  it  is 
known,  exhibits  in  its  grand  features  a  most  amazing  sym- 
metry. A  chain  of  enormous  mountains  surrounds  a  vast 
basin :  this  basin,  divided  into  two  by  a  large  mass  of 
islands,  frequently  washes  with  its  waves  the  base  of  this 
great  primitive  chain  of  the  earth.  But  when  did  this  im- 
mense chain  of  granite  and  porphyry  shoot  up  from  the  bosom 


THTSICAL  GBOOBAIPHT.  177 

of  the  waters  ?  Or  when  did  those  lofty  secondary  moun-  book 
tains  sink  into  the  depths  of  the  ocean,  and  by  their  simul'  "^i^* 
taneous  snbmersion,  form  that  steep  and  abrupt  range  of 
coast,  which  predominates  oyer  this  globe  i  Shall  we  sup- 
pose that  the  earth  was  formerly,  like  the  planet  Saturn,  sur- 
romided  by  a  ring,  and  that  this  celestial  vault,  losing  its 
equiMbrioiDy*  was  precipitated  upon  ibe  surface  of  the 
earth?  But  to  what  length  will  imagination  wander, 
emboldened  by  seductive,  but  vagne  and  inconclusive 
anah^cs  ?  Let  ns  then  return  to  the  old  continent,  and 
recollect^  that  the  vast  regions  of  India  and  China,  con- 
traiy  to  such  analo^es,  are  placed  to  the  south  of  this 
great  girdle  of  mountains ;  that  the  peninsula  beyond  the 
Ganges  even  joins  that  astonidiing'  group  of  broken  and 
iatnraected  countries,  which  fill  the  centre  of  the  great 
basin;  and  that  this  is  as  it  were  the  link  which  connects 
vriih  the  present  continent,  those  grand  remains  of  a  for- 
mer oontiiiient,  of  a  hemisphfirey  which  seems  tohavedis- 


If  again  we  consider  under  the  same  point  of  view  the  Gen«rai 
whole  extent  of  the  two  continents,  which,  in  regard  to  the  of  conu!!"" 
peat  ocean,  is  placed  beyond  this  principal  chain  of  the  nen^* 
globe,  we  shall  porceive  that  the  greater  part  of  thi^  pla- 
teaus, <v.upland  levels,  and  of  the  chains  of  mountains,  in- 
cGne  very  generally  towards  the  Atlantic  and  Northern 
Ooeana.    That  extent  of  waters,  vast  as  it  is,  appears  then 
only  like  a  canal,  if  we  compare  it  with  the  great  Pacific 
Ocean,    The  steep  coasts  which  border  the  Atiantic,  are 
Mthiag  Is  comparison  with  those  of  the  Cape  of  Good 
Hope  and  of  Cape  Ghurdafui,  with  the  precipices  which  sur- 
roand  the  seas  of  KAntchatka,  of  Peru,  and  of  Chili. 

We  may  expect,  perhaps,   to  find  likewise  a  certain  taevation 
general  analogy  among   mountains,    in   regard  to  their  ^^'"^""^ 
lieight;   but  we  must  at  once  confess,  that  we  are  still 
leas  acquainted  with  the  real  height  than  with  the  di- 
rection of  the  principal  chains  of  mountains.    Our  mea- 

•  Comp.  Laplace,  Syst.  du  Monde,  1.  iv.  ch,  9,  p.  i5Sy  3d  edit. 
vol.  1.  1<^ 
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Booit    surementgy  whether  taken  trigonometricaUy,  or  fimn  the 
^11*     comparative  height  of  the  barometer,  have  been  made  to 

'  no  great  extent,  except  in  Europe  and  America.    But  in 

such  general  observations  upon  the  whole  of  the  globe^ 
£urope  cannot  be  regarded  as  a  very  important  party  or  as  a 
standard  of  comparison  much  to  be  depended  upon ;  because 
the  summits  of  our  Alps,  such  as  Mount  Blan<^  Mouni 
Bosa»  the  Ortelos,  are  elevated  only  about  14  or  15,000 
feet,  while  those  of  the  Cordilleras,  Chimboraaso»  Aatlsanaf 
and  Pichindia,  tower  to  the  height  of  19  or  M^OOOf  is  thtt 
a  reason  to  conclude,  that  the  new  world  baa  in  genersl 
loftier  mountains  than  the  old,  or  that  the  iHountains  in* 
Urease  in  elevation  as  they  approach  the  equator?  One  of 
these  conclusions  is,  and  will  continue  to  be  haaarded,  until 
the  intrepid  Humboldt  has  measured  flie  Alps  of  Thibet 
more  elevated  still,  perhaps,  tluui  Chiolboraaao;  theothor 
is  decidedly  false,  since  the  Andes  of  Chili  are  redkoned  to  be 
as  high  as  those  of  Peru;*  the  volcanos  of  Mexico  are  bst 
very  littb  inferior  to  those  of  Quito;  and  the  enomHNn 
peaks  of  Spitibergen  and  Ore«iland»  appear  to  equal  the 
Alps,  and  very  much  to  surpass  the  mountains  of  Norwiqr 
and  Russia,  to  which,  according  to  the  hypotheois,  thqr 
o^ght  10  be  inferior.    It  is  proper,  therefore,  to  reserve 
until  we  enter  upon  Utt  description  of  the  aeveral  parte  of 
the  world,  the  few  general  comparative  observatiaos  sug' 
gssted  by  those  mountuas  whose  heights  have  been  ahetdy 
deterttined. 

*  Moline,  Hist.  Nat.  de  Chili. 
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BOOK.  vni. 

QmHnuaUim  of  the  Theory  (^  Geography*  OJ  the  Interior 
atrudmre  of  the  Mid  ParU  of  the  Earth.  Of  Banki  or 
SkdfneSf  Btrata,  Caverns,  and  Veine. 

LiBAYiirG  tiie  surfince  of  the  earth,  which  itself  is  so  in- 
perfectly  known  to  us,  and  descending  into  its  interior,  onr 
knowledge  of  which  is  still  more  -confined,  we  are  now  about 
to  consider  ibd  solid  crast  <^  the  globe,  in  so  far  as  it  has 
keen  examined  in  reference  to  its  interior  structure,  and  the 
sabstmces  of  which  it  is  composed. 

To  whatever  depth  escalations  have  been  made  in  differ-  strata^ 
cat  conntries,  they  hare  uniformly  shewn  that  the  greater  ^^"^^  '^'''' 
portion  of  the  earth  consists  of  strata  of  materiials  of  dif- 
fierettl  natmnea,  inregalarly  disposed.  When  these  strata 
are  of  a  similar  nature,  sad  of  great  thickness,  they  are 
called  teds  or  banks  (banes.)  If  they  preserve  a  horizon- 
tal poaitien,  we  call  their. snMivisions  layers  {assi%es.)  Bu^ 
tittoagh  we  And,  even  npon  the  highest  mountains,  bank% 
if  not  IwjWB^  the  almost  vertical  position  of  the  principal 
massae  of  mast  of  the  higher  mountaias,  obliges  us  to  give 
them  the  name  of  l^dcs  {bloeSf)  although  this  name  by  no 
neaas  points  out  tibe  nature  of  these  masses,  whjkoh  some 
rqiard,  with  <moeh  probability,  as  enormous  crystals,"^  while 
others  affect  to  consider  them  only  strata  changed  in  their 
pQsition«f    fiometimes  the  blocks,  or  beds,  are  divided  by 

*  Delainetherie,  Tbeorie  de  la  Terre,  sec*  1339,  ei  seq*  Patrin,  Uist*  Nat^ 
lies  Mioeraux,  i.  103. 

t  Saussure,  Voyage  dans  les  Alpee,  sec.  604—669.  Compare  his  opinions^ 
sec.  1691  and  230O.  Deluc,  Lett.  Geolog.  a  Blumenbacb,  p.  123.  (En 
Fran.) 

We  bare  adopted  the  tenns  of  our  author,  thoug)li  they  by  no  means  coincide 
with  those  used  by  our  own  writers  upon  geology  and  mineralogy;  bnt,  in  order 
taprcTent  mistake,  we  have  in  general  giwn  the  French  term  Mfo.'^TratiBlafor 
12 
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vertical  fissures,  and  fhen  their  portions  may  be  called 
Yiii.  leaves,  or  laminsD,  ffeiUUets  ou  tomes.)  We  r^ret  that 
^^~"  these  terms  convey  no  precise  and  fixed  meaning ;  but  we 
also  acknowledge,  that,  in  contemplating  the  objects  of  na- 
ture, it  is  impossible  to  submit  them  to  a  more  rigorous  das- 
stfication.* 

The  diflerent  masses  which  we  are  about  to  describe, 
are  thrown  one  upon  the  other  in  every  possible  man- 
ner, both  horizontally  and  at  every  angle.  Frequentlj 
in  moderate  elevations,  and  more  particulariy  in  low  lands, 
the  diflerent  strata  preserve,  for  hundreds  of  leag^e%  a  pa- 
rallel position ;  thus  the  limestone  or  calcareous  strata  (xm* 
taining  numerous  shells,  upon  which  the  city  of  Paris  is 
built,  extend  across  what  was  formeriy  called  the  Isle  of 
France,  as  far  as  Belgium.f  The  gypseous  strata  of  MoDt- 
martre,  and  of  the  heights  of  Belleville,  have  the  same  de- 
gree of  elevation,  though  separated  by  a  valley.  In  Ciiam- 
pagne,  a  large  bed  of  chalk  runs  nearly  upon  the  same  level 
from  Rhetel  to  Sens4  Even  the  most  perfectly  crystalia- 
ed  rocks  appear  sometimes  to  follow  a  horizontal  directknu 
A  ridge  of  granite  seems  to  extend  straight  from  the  Limo- 
'  sin,  by  Poitou,  to  Cherbourg  in  Normandy.^  Another 
girdle  or  band  of  granite  follows  the  valley  of  the  Upper 
Loire  from  Creuzot  and  Mount  Cenis  to  Saint  Etienne 
through  a  space  of  seventy  league6.||  Rocks  of  trapp  similar 
to  those  in  Westregothia  are  found  again  upon  the  same  le- 
vel in  some  mountains  separated  by  extensive  plains.  In 
the  island  of  Rugen  in  Pomerania,  in  the  Danidi  island  of 
Moen,  and  at  Stevens  in  Zealand,  the  strata  of  chalk  and 
flint  correspond  with  each  otiier,  though  an  open  sea  flows 
between  their  bases.    What  confusion,  nevertheless,  do  we 

*  Bergtnann,  G€og.  Pbys.  i.  197. 
t  Cuvier  et  Brongiart,  Annates  du  Museum,  vi. 

J  Linck,  Voyage  en  Portugal,  i.  48.     Dupin,  Statist,  des  Deux-Sivres,  103. 
Journal  des  Mines,  No.  viii.  p.  27 — 29. 

$  Delametberie,  Th^orie  de  la  Terre,  iv.  sec.  954,  sec.  1154. 
II  Brusl^,  Statist,  de  TAube,  p.  6. 
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lod  by  liie  side  of  this  tranqail  regolarity  of  formation !  book 
What  traces  of  destruction  at  once  alarm  and  delight  the  ^^'' 
observer  of  nature ! 

In  the  plains,  and  on  moderately  high  mountains,  we 
meet  with  strata   that  have   been   entirely   inverted,  or  strata  in- 
partly  shifted  from  their  first  position,  bent  in  every  shape,  ^Jj'^jJ  *°^ 
crooked  and  curved,  and  returning  upon  themselves;  tlie 
nonntsun  of  Saint  Gilles  near  Liege  exhibits  all  these  ano- 
malous appearances.* 

We  find  considerable  strata  in  Mount  Jura,  which,  hav- 
11^  been  overturned  or  pushed  forward  upon  others,  have 
stopped  in  a  position  so  precarious,  that  the  application 
of  Ae  least  force  would  put  them  again  in  motion.f  The 
Alps  exhibit  a  striking  spectacle  of  disorder  and  confusion. 
We  discover  pyramidal  mountains,  like  the  needle  of  the 
south,  flie  layers  of  which  are  ranged  round  the  axis  of  the 
pyramid  like  the  leaves  of  an  artichoke,  if  we  may  be  per-  strata  con. 
mitted  to  compare  those  enormous  rocks  to  a  small  vegeta-  ^u^^^^  *°** 
bk.^  Nant  d'Arpenaz  presents  to  our  view  a  sort  of  hemis- 
fliere,  composed  of  regularly  curved  strata.^  A^  every  step, 
tiic  rules  which  appear  most  generally  followed,  are  broken 
and  set  at  defiance  by  the  greatest  possible  diversity.  If 
Mount  Blanc  be  composed  of  enormous  vertical  blocks. 
Mount  Rosa,  equally  gigantic,  presents  only  horizontal 
strata,  a  little  inclined. 

These  strata  are  almost  all  intersected  by  fissures  and  ca«  cavities 
nties  more  or  less  considerable.   Some  consist  of  interstices  *°^  }*' 

sureBofthe 

Kft  between  two  ancient  rocks  at  the  moment  of  their  crys-  globe. 
tallizalion;  the  great  majority  appear  to  owe  their  origin 
odier  to  flie  rstiring  or  sinking  of  the  earth.  The  first  of 
Ibese  causes  has  considerably  increased  them  in  the  calca- 
raws  mountains  of  secondary  formation;  they  are  less 
frequent  in  gypsum.  Some  of  these  fissures  have  been 
filled  with  metfdlic  substances,  some  by  the  filtering  of  wa- 

*  DeUnaiierie,  1.  c.  sec.  1383,  pi.  vi.  &c. 

t  Bertrand,  Nouv.  Princ.  de  G^ologie,  p.  182. 
t  Saunure,  Voyage,  sec.  569. 

*  IbiH.  sec.  4731. 
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ter  impregnated  with  stony  iimtter»  otherti  by  iiKiriis- 
^11*  tations,  by  alluvial  minerals,  by  vegetable,  and  animal 
'"^"*''^  earths  ;  lastly,  some  have  remained  open,  and  fom  ravines, 
precipices,  abysses,  when  they  are  open  to  flie  sky ;  or  ca- 
verns and  grottos,  when  they  have  walls  and  a  natnnd 
roof. ' 

In  another  part  of  this  work,  we  shall  point  out  and 
occasionally  describe  at  length  the  most  remarkable  ca- 
veins  and  grottos  of  our  globe ;  but  we  must  here  confine 
ourselves  to  general  views.  There  are  some  very  consider- 
able caverns ;  frequently  the  first  excavation  is  only  tiie 
vestibule  to  another  much  deeper  and  larger,  but  tibe  di- 
mensions of  caverns  have  generally  been  much  exaggerated. 
The  depth  of  that  of  Eldon  Hole,  near  Castieton  in  Der- 
byshire, has  not  been  discovered,  liiough  sounded  with  a 
line  of  more  than  9600  feet*  Near  Fredericksbal  in  Nor- 
way, there  is  a  hole,  into  which,  if  stones  be  thrown,  two 
minutes  appear  to  elapse  before  they  reach  the  bottom,  from 
which  it  has  been  coaduded  that  the  depth  was  upwards  of 
11,000  feeti  Among  the  namerouB  caverns  of  Camiola, 
fhat  of  Adelsberg  is  said  to  afford  a  subterranean  walk  of 
two  leagues ;  but  this  compatation  of  rather  too  enthnmastic 
a  writer  requires. to  be  confirmed.^  Many  caverns  are  re- 
markable for  various  natural  curiosities.  T^ere  are  some 
from  which,  in  summer-time,  an  ice-cold  wind  issues  ivith 
astoAishiag  force.  Mount  Eoto  near  Turin  in  Itdy  is  an 
example  of  this.$  There  are  others,  the  walbof  wUcharein 
autumn  covered  with  ice,  whidi  melts  in  Deeember.  Thdh 
are  two  or  three  in  France  that  have  attracted  notice; 
inong  others  the  grotto  of  Notre  Dane  de  Balme  near  Ore^ 
noble.)]  The  little  communication  which  these  caverns  have 
with  the  external  air,  causes  them  to  change  their  tenperatare 

*  Lloyd,  Phil.  TrMit.  1771,  vol.  Ixi.  part  i.  No.  SI. 
t  Pontoppidan'i  Natural  History  of  Norway,  i.  101. 
%  Valvasor,  Gloire  de  la  Carniole,  1699. 

}  Kirclier,  Mund.  Subterran.  lib.  it.  S3S.   (Compare  the  Grotto  of  Motieis 
in  Bernoulli*!  Description  of  Neocb&tel  p.  32.) 
II  Men.  de  I'Acad.  des  Sciences,  1755,  p.  149,  See. 
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long  irfler  it  bpcooim  chained  Upon  the  surface  of  the  earth,    book: 
The  most  iuteres^g  caverns,  and  the  most  curious  for  their    ^^^^* 
natirral  jprodnctionsy  are  certainly  those  from  whose  roofs 
wi|t«i!^  impregnated  with  calcareous  matter*  has  dropped, 
and  which,  either  becoming  hardened  by  degrees,  remains 
8uspcp4cd  from  the  vaults  of  the  caverns,  in  the  shiq»e  of 
^8  cpTstels,  or  falling  to  the  ground,  assume  a  thousand  staiacutes, 
fantartic  fonns,  often  representing  various  vegetables  and 
aninudfl.    It  is  to  this  circumstance  that  the  grotto  of  Anti- 
parae  owes  its  celebrity.    The  naturalist  prefers  those  ca- 
verns which  contain  petrified  bones.    These  are  the  visible  ^^^^' 
remains  of  some  vast  burial  places,  where  the  revolutions  of 
the  globe  have  deposited  whole  generations  of  living  beings. 
We  are  also  acquainted  with  some  caverns,  whither  certain 
species  of  marine  animals  have  retired,  when  they  felt  them- 
selves about  to  expire. 

There  are  caverns  which  contain  deep  pits  of  water,  or  Weiu  tq 
weU%  sometimes  so  extensive  as  to  acquire  the  name  of  sub-  ^'^^®'"'* 
torraneous  lakes.  There  are  others  from  which  rivers  de- 
rive their  source :  while  some  are  known  to  receive  very 
considerable  streams,  which  lose  themselves  in  the  interior. 
Such  are  the  innumerable  cavities  of  the  Julian  Alps,  in 
Camiola  and  Ooatia.  It  is  to  similar  reservoirs  that  we 
Bust  attribute  the  periodical  disappearance  of  the  lake  of 
Cirfcnits.*  There  are  some  caverns  in  Norway,  where,  as 
you  walk  vpon  an  arched  calcareous  floor,  you  hear  the 
roar  of  invisible  torrents  under  your  feet  Many  caverns 
is  BuBsia  and  in  Siberia^  have  been  evidently  formed  by 
BMiBS  of  water,  and  even  masses  of  iccf 

Yjfttqavic  caverns  form  a  distinct  class.  That  of  Surtur  Volcanic 
in  Icdand,  which  is  5034  feet  long,  has  three  of  its  sides,  or 
waU%  covered  with  a  greenish  black  varnish,  formed  by  a 
vokttiic  vitrification.  Long  pieces  of  lava  are  suspended 
firom  the  roo^  which  is  so  chinky  in  many  places,  as  to  ad- 
mit the  rays  of  the  sun.:^    The  most  magnificent  of  all  the 

*  Hftcquet,  Voya^ei  dans  les  AIpcs  Juliennes. 

t  PaUaiy  Voyagei,  i.  41,  66, 166.  (eo  AU.)  Lepecbin,  ameliif,  fee. 

t  OlafMDy  Voyage  to  Iceland,  i,  IST.  in  German. 
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BOOH  known  caverns,  is  doobttesfl  tliat  called  ^'Fingal^a  Care,^' 
^<i^  in  the  isle  of  Staffa,  on  the  western  ooaat  of  Scotland. 
Thousands  of  majestic  colnmns  of  basalt  sapport  m  lofty 
roofy  under  wiiich  the  sea  rolls  its  wayes,  while  fk»  rast- 
ness  of  the  entrance  allows  the  light  of  day  to  penetrate  the 
various  recesses  of  the  cave.*  The  origin  of  these  caverns 
with  basaltic  colomnsy  is  as  uncertain  as  that  of  IrauMlt  itself, 
which  has  occasioned  so  many  discussions  among  geologists* 
The  causes  which  have  produced  those  cavities  hare  un- 
questionably had  a  sphere  of  activity  to  which  oar  observa- 
tions are  fiur  from  being  commensurate.  Many  ^enonena, 
particularly  earthquakes,  seem  to  indicate  the  existence  of 
much  more  considerable  cavities  flian  those  which  are  known 
to  us.  But  the  wisest  course  we  can  pursue,  is  to  acknow- 
ledge oar  perfect  unacquaintance  witii  their  natore.  We 
no  longer  live  in  an  age  when  Aflianasius  Kircher  dared  to 
describe  the  subterraneous  world,  as  if  he  had  travelled 
through  it  in  every  direction.  The  nafca^vim  is  now  banish- 
ed from  the  land  of  science^  and  is  become  the  exclusive  , 
patrimony  of  romance-makers. 

The  small  fissures  which  pass  through  the  masses  of 
rocks,  and  which  we  call  by  the  general  name  of  veinsy 
although  they  present  to  the  imagination  a  less  striking  ap- 
pearance than  that  of  caverns,  yet  to  the  eye  of  reason  and 
of  science,  exhibit  a  still  more  complicated  enigma.  The 
essential  character  of  a  vein,  is  that  of  cuttings  or  passing; 
through  a  mass  of  rock,  in  a  direction  more  or  less  diflTo^ent 
from  that  of  the  strata  or  layers,  of  which  liie  rock  or 
moun^n  is  formed,  and  being  filled  with  a  mineral  sub- 
stance different  from  that  of  which  the  rock  itself  is  com- 
posed.f  We  sometimes  find  veins  of  twenty  or  thirty  feet 
in  thickness,  while  others  are  less  than  an  inch.  Some  con- 
tinue for  the  space  of  several  leagues,  others  divide  and 

^  Faujas  dc  Saint  Fond,  Essai  d«  G^ologie.  Vu  planch^, 
t  Werner*8  Theory  of  Veins,  in  German,  translated  into  French  by  Paubuis- 
son,  (  2.    Oppel,  Geometric  Souterrainc.    Ibid.  ^  15.  ^  19. 
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dispene  tlieinselTQs  in  smiller  reliiB.    There  ore  cases  in   BMft 
wUcb  tiM  reinSy  after  having  passed  through  many  strata^    ^^^^ 
soddenly  break  off  at  the  oomniencenient  of  a  stratum  of  a 
paiticnlar  aort^  and  re-appear  on  the  opposite  side,  exactly 
in  the  same  direction^  and  of  the  same  thickness  that  they 
bad  at  first*    The  general  line  of  veins  is  rectilinear,  but  Direction 
withoat  aay  preference  as  to  direction.    In  the  middle  class    ^^^'' 
of  mountains^  they  follow  the  direction  of  the  valleys.    Hie 
matter  with  which  the  vein  is  filled,  frequmtly  contains 
aetallic  oies,  and  is  then  called  OangnCf  or  that  part  to 
which  Ae  metal  adheres.    Thwe  is  scarcely  any  mineral 
fliat  is  not  found  in  some  vein  or  other,  more  or  less  abnn^ 
dantly.     Some  also  contain  petrifactions,  which  seems  to 
prove,  tiiat  these  fissures  were  originally  empty,  and  had  Fonofttion. 
bwD  filled  from  above,  hy  means  of  a  fiuid  loaded  wifli 
Tarioua  substances,  which  it  deposited  in  them.    This  is 
the  opinion  of  the  celebrated  Werner,  and   what  is  most 
generally  adndtted ;  it  is  however  disputed  by  those,  who 
consider  minerfds  as  produced  by  means  of  subterranean 
exhalationsyf  or  from  some  fermentation  in  the  masses  of 
rock,  capable  of  transmuting  the  nature  of  its  substance,^: 
or  lasfly,  firom  the  general  crystallization  of  the  globe.$ 
Some  philosophers  have  regarded  metallic  veins  as  branches 
of  a  grand  metidlic  trunk,  concealed  in  the  interior  of  tiie 
globe,  and  to  which  they  have  attributed  a  sort  of  vegeta- 
tion, or  organical  motion.||    The  theory  of  veins,  however, 
according  to  evei^  supposition,  is  very  difficult  to  compre- 
hend.   We  will  now  return  to  the  consideration  of  moun- 
tahis  in  general. 

The  thickness  of  the  various  strata,  difibrs  as  much  as  'niicknen 
their  inclination  or  position,  and  as  their  fissures.    The^  ' 
hank  or  bed  of  trapp  in  Westrogothia,  is  in  many  places  a 
hundred  feet  thick,  and  in  4he  Alps  there  are  some  masses 

*  Ferber,  Ofyctography  of  Derbyshire,  1^,  20.    Werner,  $  73- 

t  Heockel,  Pyritology,  ch.  13. 

}  Trebra,  ObMrvations  sur  Ilnterior  dei  Montagnes,  (en  All.) 

f  DelarnHherie,  Thtorie  de  la  Tent,  «  1363. 

I  Lebmann,  Trait6  des  Matrices  des  M^aux,  Berlin,  If 53, 
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otiUtiiicker:  bat  it  is  not  agroed  whotber  Amoo  maooes  m 
^s^  to  bo  considered  as  regular  strata*  Many  of  the  middle 
-  class  of  mountains  contain  beds  of  mineral  or  rock*salt»  <rf 

alum,  and  of  coal,  thirty  or  forty  feet  thicks    But  there  are 
also  some  strata  of  coal  near  Liege,  which  are  not  mart 
than  an  inch  in  thickness.    White  and  black  nsarbles  are 
found  in  thicker  strata  than  those  which  are  yariegated; 
and  in  general  those  substances  which  are  least  -  mixed  or 
compound,  are  found  in  the  greatest  masses.*     In  Europe^ 
oonftinned  strata  or  beds,  of  the  thickness  of  three  thousand 
feet,  are  extremely  rare,  but  in  Mexico  or  Peru^  there  are 
masses  of  porphyry,  which  are  from  9000  to  12000  fiset 
thick.!    This  massive  structure,  seems  to  be  the  peoulisr 
character  of  regions,  which  form  what  we  call  tlie  great 
chain  of  the  giobe.^ 
Ot6»t  of        It  remains  for  ns  only  to  consider  the  various  strata  of  the 
~^"P^' earth,  in  r^i^rd  to  the  order  of  their  supra-positioii»  but  al- 
thoug^h  this  is  intimately  connected  with  the  subject  at  pre- 
sent before  us,  the  structure  of  mountains,  ft  is  very  difficult, 
if  not  impossible,  to  treat  the  matter  so  as  to  be  distinctly 
understood,  without  anticipating  the  obswvations  to  be  made, 
when  we  come  to  examine  the  origin  and  nature  of  the  sub- 
stances, of  which  the  strata  are  composed* 
Triinuy        We  Call  those  beds  or  strata  prtmary,  which  are  found 
d^  ^a-~  ^  ^  greatest  depths  to  which  man  has  been  able  to  pene- 
ia.  trate.    These  masses  do  not  in  general  contain  any  traces 

of  animals  or  vegetables ;  and  in  this  point  of  view  they 
mmj  be  called  primitivef  «r  primordiaL  The  next  order, 
or  that  of  secondary  strata,  comprehends  all  those  masses 
which  form  mountains,  and  which  are  placed  in  regular 
strata  or  layers,  containing  the  remains  of  animals  and  ve- 
getable%  and  lying  or  restii^  upon  the  primary  strata* 
The  third  order  consists  of  suck  beds  as  contain  fragmeato 
of  secondary  strata,  mixed  more  or  less  frequently  with  the 
materials  of  the  primitive  class.    They  lie  above  the  secon- 

*  Bergmann,  Q^og,  Phys.  4  4S. 

t  Humboldt,  Tableux  des  R^ons  Equator^ales,  1S8. 

%  See  Book  vii. 
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dny  strttta,"*  and  are  heaped  together  ia  a  more  confiuied    book 
auiner.  ^W» 

We  will  now  consider  more  particularly  the  composition  ^■■■■■^ 
of  the  primitiTe  strata. 

The  roaghesty  the  most  elevated,  and   most  extensive  Mountains 
BMNmtuBs  of  our  glohe*  contain  masses  of  granite,  which  ordtr. 
camiot  correctly  be  called  strata,  and  which  very  frequent- 
ly terminate  in  vast  cupolas.     Next  to  these  enormous  cry- 
stals, we  see  yery  large  and  almost  vertical  banks  or  ridges 
of  granite,  as  it  were  in  layers  or  leaves,  and  of  pure  schist^ 
tba^  ifl,  withont  any  mixture  of  vegetable  or  animal  remains. 
It  is  the  extremities  of  those  broken  masses  of  laminated 
granite,  which  form  the  most  acute  and  angular  peaks. 
Tbe  schist  is  frequently  intersected  by  numerous  metallic 
Teins»    LArge  beds  of  pure  calcareous  matter  are  found  in 
general  to  mn  more  horizontal,  and  they  give  rise  to  those 
loag  ridges  of  mountains,  which  are  quite  free  from  metab. 
Ifauases  of  porphyry,  syenite,  and  other  homogeneous  rock% 
are  generally  placed  upon  one  or  other  of  the  preceding 
strata.    In  America,  enormous  beds  of  porphyry  repose 
19011  granite,  and  form  the  summits  of  the  Cordilleras. 

The  order  which  all  the  primitive  rocks  observe  «»^»Bf,SS!j*,rf2« 
ftemselves,  is  not  yet  determined  by  observation.    Granite  primitWe 
is  abnest  universally  considered  as  forming  a  sort  of  vauH"^^^** 
aarrsmidiQg  tbe  globe,  and  supporting  all  those  mas8e8» 
vhich  seem  to  have  been  heaped  upon  it  by  tbe  double  ac«^ 
tiaa  of  a  general  crystaUization,  and  a  violent  jumbling. 
We  have  never  yet  found   granite  lying  upon  porphyry^ 
iqm  schist,  or  upon  any  other  rock  whatever;  but  the  reia-* 
tive  wder  of  all  the  other  rocks  seem  to  vary  much.    The 
only  principle  that  appears  to  be  determined  is,  that  the 
pinitiveor  primordial  rocks  are  never  j^aced  in  great 
oasses  upon  the  others,  while  the  o&ers  are  constantly 
band  accumulated  upon  thenu 

*  Werner,  Classification  des  Roches,  Dresde,  1787.  (en  All.)  Voight, 
Uio6rtIogie  Pratique,  1792,  (en  All.)  See  also  the  works  of  Saussuie,  Dolo- 
oiea,  Humboldt,  Deluc,  &c.  kc. 
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At  the  base  of  these  mountains  of  the  first  order,  and 
^'''*    sometunes  also  at  a  considerable  elevation  on  their  sides,  we 
"^"~^*  commonly  find  calcareous  rocks  of  iranMionf  that  is^  rocks, 
TOGki.        which  in  part  seem  purely  calcareous  and  partly  mixed  with 
animal  remains.    These  rocks  mark  the  transition  of  masses 
which  do  not  exhibit  any  regular  continued   strata,  into 
those  rocks  which  geologists  call  stratified,  the  structure  of 
which  consists  of  a  series  of  strata  or  layers.    There  are 
also  some  other  roclui  which  indicate  this  transition  }  these 
are  the  recompounded  fragments  of  the  pure  or  primitive 
rocks,  united  anew  by  a  species  of  cementf  several  varieties 
of  which  have  been  facetiously  called  pudding-stone^  and 
amygddUndal  or  almond  rocks,  from  (he  appearances  which 
fliey  present. 
Mounuint      The  Secondary  rocks,  formed  commonly  in  regular  stra- 
eond  dut,  ^  S'^®  ^  peculiar  and  characteristic  appearance  to  the 
or  ordtr.    mountains  which  are  composed  of  them.    Their  oudines  are 
less  broken  than  those  of  the  primary  mountains,  their  sum- 
mits less  lofty ;  but  vegetation  displays  its  richness  upon 
their  gently  inclined  sides  of  chalk  and  clay,  covered  yerj 
frequently  with  a  layer  of  marU  and  filled  with  the  remains 
of  animals  and  vegetables,  diSbrent  from  those  now  existing 
in  a  living  state.    The  argillaceous  schist  bears  the  marks 
of  an  entire  vegetation  anterior  to  the  present  constitution 
of  the  globe.    In  the  marly-bituminous  schist,  we  meet  with 
petrified  fish  and  many  impressions  of  aquatic  animals;  and 
the  calcareous  rocks  contain  the   bones   of  quadrupeds. 
These  liiree  strata,  and  others  which  are  analogous  to  them, 
frequently  succeed  each  other  in  such  a  manner,  that  the 
remains  of  the  vegetables  are  placed  below,  and  those  of  the 
qnaidrupeds  nearer  the  surface. 

There  are  some  rocks  which  follow  no  regular  succes- 
sion, such  as  the  siliceous  sand-stone,  {les  greSf*)  which 
contains  few  organic  remains,  but  which,  from  the  diversifi- 

♦  "Orti''is  translated  riUx  or  flini,  and  al«o  freesfont  or  sand-atone;  the 
latter  i§  the  most  correct.-^T. 
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ed  arrangoment  of  its  strata^  seem  sometimes  to  approxi-    book 
mate  to  the  primitive  rocks,  and  sometimes  to  those  of  the    ^^^^ 
most  recent  formation.    Gypsum,  (sulphate  of  lime»)  or' 
piasto*  of  Parist  is  also  a  substance,  which  is  met  with  some- 
times in  one  order  of  succession,  and  sometimes  in  another. 
Vast  masses  of  it  are  found  among  the  primitive  rocks.* 
What  chiefly  characterizes  stratified  mountains,  is  rock  or 
mineral  salt,  saline  springs,  the  mineral  waters,  layers  of 
co^my  schist,  alumine,  calamine,  bituminous  earths,  with 
petroleam,  or  rock  oil,  and  naphtha ;  and  lastly,  also  coal  and 
tar ;  all  these  substances  are  accumulated  in  layers  or  beds^ 
the  saccession  of  which  constantly  varies,  but  which  all  be- 
long exclusively  to  stratified  mountains.    On  the  other  hand^ 
these  mountains  contain  no  metallic  veins. 

In  the  same  manner  as  the  regularly  stratified  masses  are 
supported  by  crystallized  primitive  rocks  and  are  placed 
upon  them,  we  also  see  at  the  bases  of  those  which  are  com- 
posed of  strata,  mountains  covered  with  earth  of  a  third  or- 
der, which  in  fact  is  also  arranged  in  layers,  but  without 
that  uniform  composition,  or  that  regular  cohesion,  which 
make  each  layer  of  the  stratified  roclLS  a  whole  of  itself. 
The  strata  or  beds,  which  we  call  tertiary^  are  also  found  in  Tertiary 
flie  midst  of  a  confused  mass  of  small  portions  of  substances,  ** 
which  seem  to  have  been  accumulated  by  some  fluid,  that 
has  transported,  or  at  least  rolled  and  mixed  them  together. 
These  form  the  bottoms  of  valleys,  and  are  almost  always 
placed  upon  the  stratified  rocks.  Tufa,  which  is  formed  by 
the  recomposition  of  the  particles  of  a  primitive  rock,  con- 
g^tmerateSf  or  breccias,  of  the  third  order,  which  are  hete- 
rogeneous compounds  of  the  fragments  of  rocks  united  by  a 
oement  of  tufa,  clay,  sand,  or  gravel,  are  all  the  principal 
strata  of  this  kind. 

The  remains  of  large  quadrupeds  and  other  analogous 
animals  now  unknown  in  a  living  state,  are  found  in  these 
beds;  there  also  are  seen  those  vast  quantities  of  peat  or 
turf,  {Umrbe,)  which  are  the  remains  of  a  recent  vegetation 

*  Dolomieu,  Journal  dc  Physique,  1794,  p.  18fi. 
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mixed  with  bituminous  earth.    Bat  neither  minerals  nor 
▼III*    metals,  either  in  strata  or  veins,  aro  met  with,  except  in  small 

■""—^  detached  and  separate  particles. 

AUuTiai        In  these  alluvial  or  transported  soils,  as  they  are  tM 

^^^  vaguely  called,  it  is  natural  that  the  layers  of  lighter  mattvr 
should  occupy  the  surface^  while  the  heavier  substances 
Aould  accumulate  in  tiie  interior.  But  the  former  are  often 
seen  at  very  considerable  depths,  so  that  there  are  in  allavi- 
ens,  as  in  stratifications,  many  orders  of  succession.  Thas, 
ft^om  the  summits  of  Mount  Blanc  to  the  marshes  of  Hol- 
land, and  the  heaths  of  Lunebourg,  the  interior  structure  of 
the  earth  constantly  preserves  this  complicated  and  enigma- 
tioal  character,  which  not  only  perplexes  our  reasmi,  but 
seems  to  baffle  our  imagination. 

Besides  these  distinct  beds,  at*  strata,  the  earth  presents  to 
us  a  great  number  of  confused  masses. 

Fkbbiat.  -^11  ^  banks  of  rivers  and  lakes,  and  the  shores  of  tiie 
sea,  are  covered  with  pebbles,  rounded  by  the  waves  which 
have  rolled  them  against  each  other,  and  which  frequently 
seem  to  have  brought  them  from  a  distance.  There  are 
also  similar  masses  of  pebbles  found  at  very  great  elevations, 
to  which  the  presmt  sea  appears  never  to  have  been  able  to 
reach.  We  find  them  in  the  Alps  at  Yalorsina,  more  than 
six  thousand  feet  above  the  level  of  the  sea ;  and  on  the 
meuiitmn  of  <<Bon-Homme,"  which  is  more  than  a  thou* 
sand  feet  higher.*  There  are  some  places  little  elevated 
above  the  level  of  the  sea,  which,  like  the  famous  pbdn  of 
Crau  in  Provence,  are  entirely  paved  with  pebbles;  while 
in  Norway,  near  Quedlia,  some  mountains  of  a  consideraWp 
magnitude  seem  to  be  completely  formed  of  them,  and  in 
wach  a  manner,  that  the  largest  pebbles  occupy  the  sonmit, 
and  their  thickness  and  size  diminish  as  you  approach  tbe 
bascf  We  may  include  in  the  number  of  these  confused 
and  irregular  heaps,  most  of  the  depositions  of  matter 
brought  by  the  rivers  or  sea,  and  left  en  the  banks,  and 
perhaps  even  those  immense  beds  of  sand  which  cover  the 

♦  Saiisfiure,  Vovage,  v  690.  +  Bergmann,  Geog.  Phys,  i.207. 


PHTBlCiX  GEOGRAPHtr.  191 


\  of  Asia  and  AbiOki  And*  in  general  it  may  be  said, 
fliat  tke  third  (nrder  of  beds  or  layers,  very  nearly  approxi-  ^^^ 
Hate  to  these  confused  accumulations.  It  is  this  circum-  ~-— ~~ 
stance  which  renders  so  uncertain  the  distinction  ^hich  it  is 
aevertheless  necessary  to  establish,  between  alluvial  masses 
created  before  the  commencement  of  history,  and  those  whidi 
we  still  aee  forming  under  our  own  eyes. 

There  are,  notwithstanding,  some  sobstances,  the  distinct 
duvacter  of  which  leaves  much  less  roimi  for  hypothesis. 
Such  are  lavas,  the  well  known  productions  of  rokanos,  Volcanic 
which  are  found  s^^ad  above  all  other  strata  around  the^^^^ 
omtersy  which  have  ejected   thenib  like  so  many  streanis 
•round  one  common  som-ce.    The  black-looking  torrents  of 
these  sobstances,  which  have  been  liquefied  by  the  volcanos 
BOW  existing,  exhibit  sometimes  shapeless  masses,  either 
oottpact  or  porous;  sometimes  they  assume  the  appearance 
of  crystallization,  or  a  separation  into  laminae,  or  into 
nundisli  blocks :  they  are  elten  only  one  mass  of  scoria,  or 
Mhe%  imited  by  a  sort  of  cement,  and  finrm  what  may  bo 
called  volcanic  tuftu*    Tbe  strata  or  layers,  wUcb  we  ob«* 
serve  in  lava,  and  vefaich  are  commonly  sqiarated  by  thin 
iaterfenimg  layers  of  TegetaUe  mould,  indicate  the  number 
ef  volcanic  eruptions  which   have  successively  produced 
these  diflbrent  strata.    None  of  these  appearaaices  are  com- 
mon to  those  celebrated  substances  known  under  the  name 
of  hasaU,  and  which  many  naturdistB  call  primitive  lav^  BasaU. 
lUs  substance^  always  formed  or  divided  into  prisms,  is 
non  in  the  form  of  columns,  sometimes  derated  perpendi- 
cohrly,  as  in  the  cave  of  Fingal  and  the  Giants'  Causeway ; 
mmelimes  inclined  towards  the  horiaon  at  diflbrenft  an^es, 
M  m  the  Yivaram;  sometimes  lying  horizontally,  ranged 
fike  legs  of  wood,  and  iadosed  in  Assures,  as  in  the  Feroe 
Uasds,t  or  free  and  unconnected  like  iSie  basaltic  circle  in 
the  ishuid  of  Mall.^    Bat  basalt  is  never  placed  in  large 
I  upon  strata  of  the  third  .order. 


*  Faujai  Saint-Fond,  Essais  de  G^o.  ii.  413,  et  seq. 

t  Memoirs  of  the  Society  of  Natural  History  of  Copenhagen.  '  See  the  de- 
scription of  the  Feroe  Islands.    Vol.  \v, 
t  Faujas,  Geo),  ti. 
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BOOK  The  fragments  of  granite  and  oOier  pan  rocks,  tiwwn 
Till,  here  and  there  upon  stratifled  rock%  and  even  npon  allavial 
"^"^^  landsy  exhibit  a  phenomenon  as  indiaputable  as  it  ia  aato- 
Biockiof  niahing.  All  the  chains  of  Mount  Jura,  all  the  mooatains 
^.^'  ^l^ch  skirt  the  Alps*  the  hills,  and  even  flie  plaina  of  Ger- 
many and  Italy,  have  blocks  of  granite  scattered  over  tfafMU, 
frequently  of  large  dimensions,  and  always  of  as  pare  a 
composition,  and  as  beautifully  crystallized  as  the  granite 
of  the  highest  Alps.*  The  same  phenomenon  is  also  repeat- 
ed in  the  plains  of  Russia,  Poland,  Prussia,  Denmark  and 
Sweden.  From  Holstdn  to  eastern  Prussia,  upon  the  allu- 
vial lands,  of  sand  and  clay,  an  immense  number  of  blocks 
of  granite  are  found.  Near  the  island  of  Usedom,  many  de- 
tached masses  of  granite  rise  up  from  the  bottom  of  theBal- 
ticf  We  see  the  same  thing  in  Scania  and  in  Jutland 
-which  are  so  full  of  these  fragments,  that  they  use  them  for 
inclosures,  for  houses  and  churches.  These  blocks  are 
rounded  by  the  action  of  the  heavy  rains.  In  Lymfiord,  a 
gulf  of  Jutland,  and  at  some  points  on  the  western  coast  el 
that  peninsula,  sharp  peaks  of  granite  shoot  up  from  the 
bottom  of  the  sea.  But  what  is  most  remarkable,  is  to  see 
enormous  masses  of  granite  placed  upon  the  summits  of  the 
calcareous  mountains  of  Rettwick,  of  Boedaberg  and  of  Os- 
mund, which  are  near  six  thousand  feet  above  the  levd  of 
the  sea,  and  which  consequentiy  are  among  the  highest 
mountains  in  the  north  of  Europe.^ 

If  this  phenomena  has  not  been  noticed  in  all  the  regions 
of  the  globe,  we  must  periiaps  attribute  it  to  tiie  few  obser- 
vations which  travellers  have  made  upon  this  subject. 
Condu-  The  structure  of  the  globe^  of  which  we  have  been  en- 
fion.  deavouring  to  trace  the  grand  features,  presents  in  all  its 
parts  the  appearance  of  a  vast  ruin;  the  coidTusion  and 
overthrow  of  most  of  its  strata,  the  irregular  succession  of 
those  which  seem  to  remain  in  their  original  situations,  the 

•  Delamfitberie,  Th^orie  de  la  Tcrre,  ♦  1183,  tqq,    Ferber,  Dolomieu,  &c, 
t  Wrede,  jdans  Zacb.  Correspoud,  v.  456. 
it  Bergmann,  Gtog.  Pby.  i.  265, 
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voadcrfal  variety  which  the  direction  of  the  veins  and  the    book 
forms  of  the  caverns  display,  the  immense  heaps  of  confused    ^^^^* 
and  broken   substances,  tiie  transportation  of  enormous 
blocks  to  a  great  distance  from  the  mountains  of  which 
tbey  appear  to  have  formed  a  part^  every  thing,  in  short, 
makes  ns  feel,  that  the  history  of  our  globe  reaches  back  to- 
periods  far  anterior  to  the  existence  of  the  human  race,  and 
that  the  researches  which  are  necessary  to  bring  us  acquaint- 
ed even  with  flie  present  state  of  its  surface,  (and  scarcely 
beyond  the  suriace  can  we  penetrate,)  would  require  a 
kngth  of  time,  and  an  amount  of  expense  hardly  to  bo 
calculated,  before  our  observations  could  be  so  matured  and 
Tcrified  as  to  form  the  foundations  of  a  complete  scientific 
whole. 


VOL.  I*  IS 
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BOOK  IX. 

eaiMnuatian  of  the  Theory  of  Oeography*  Of  timflt 
Bmbstanees  which  compose  Uis  soUd  part  of  the  Gl6be. 
First  Section:  Saline,  earthy,  and  inflammable  sub- 
stances. 

It  belongs  to  chemistry  to  examine  in  what  manner  the 
gasesy  the  acids,  and  the  elementary  eartlis,  have  acted  in 
the  formation  of  the  non-organic  substances  which  form  the 
solid  crust  or  surface  of  our  globe,  and  of  which  we  are 
now  going  to  consider  the  external  and  internal  forms. 
Mineralogy  describes,  defines,  and  classifies  these  substan- 
ces ;  geology  treats  of  their  origin ;  but  physical  geogra- 
phy, the  object  of  which  is  to  investigate  the  structure, 
composition,  and  physical  relations  of  the  globe,  cannot  be 
accused  of  going  beyond  its  limits,  in  tracing  out  a  general 
view  of  the  various  substances  of  which  the  solid  parts  of 
tlie  earth  are  formed. 
ijefinition      These  substances  are  either  simplCf  that  is,  formed  of  the 
aggregate  Same  chemical  elements,  and  having  for  their  nucleus  the 
Bukttances.  game  intofprant  molecule ;  or  aggregatCt  that  is,  composed  of 
two  or  more  simple  substances.    The  first  of  these  sub- 
stances are  minerals,  the  objects  of  the  sciences  of  minera- 
logy and  crystallography;  the  second  are  the  rocks  and 
earths,  which  belong  to  the  province  of  geognosy. 
UoS^f*^*"      ^^  distinguish  four  classes  in  the  mineral  kingdom: 
nerau,      the  first   comprehends    saline  or  ocuttferous    substances, 
which  are  composed  of  an  acid  united  to  an  earth  or  an  al- 
kali^ and  sometimes  to  both.     The  second  contains  the 
garihy  substance,  into  the  composition  of  which  earths  alone 
enter,  or  sometimes  an  earth  united  to  an  alkali;  in  the 
tlHrd  class  are  placed  all  inflammable  substances  which  are 
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iiot  metallic;  substances  hitherto  impeifectly  analyzed,  *but    book 
whidi  may  be  distinguished  by  the  property  which  they      ^^* 
possess,  of  burning,  or  of  evaporating,  when  decomposed. 
The  fourth  class  embraces  the  metalMc  substances  known  by 
tbeir  brilliancy,  by  their  great  specific  gravity,  and,  in  part, 
bj  tiieir  ductility  and  malleability.* 

We  shall  now  consider  the  mineral  kingdom,  in  so  far  as 
it  re^rds  physical  geography,  that  is,  by  examining  the 
g^iera  most  abundant  in  nature,  and  the  species  most  re- 
markable for  their  physical  qualities.  While  we  take  the 
Terminology  of  M.  Haiiy  for  the  basis,  we  shall  compare 
it  with  that  of  other  mineralogists. 

The  carbonate  of  lime,  that  is,  lime  combined  with  car-  Carbonate 
bonic  acid,  is  also  called  aerated  lime,  or  calcareous  spar.  ^^  ^""*^' 
It  is  the  most  abundant  of  any  known  mineral  substance 
on  the  earth.  It  belongs  to  every  geological  epoch,  and  to 
every  soil.  Among  the  ancient  and  primordial  masses,  it  not 
only  forms  one  of  the  constituent  principles  of  rocks,  but  it 
also  is  seen  in  its  pure  state  in  immense  beds  or  banks,  the 
peculiar  character  of  which  is  a  laminated  or  scaly  tex- 
ture, which  indicates  a  confused  crystallization.  It  abounds  j 
still  more  in  the  secondary  or  stratified  mountains  and 
masses  of  earth,  of  which  it  forms  more  than  the  half.  It 
is  found  also  in  the  third  order,  combined  with  clay,  and 
thus  constitutes  the  various  marls.  It  forms  also  vast  beds  Talc 
in  the  state  of  chalk,  frequently  accompanied  by  large 
masses  of  calcareous  sheik  compressed  together,  and  broken, 
and  which  had  once  been  inhabited  by  marine  animals. 
We  are  therefore  led  to  consider  chalk  as  a  very  ancient 
diemical  decomposition  of  the  altered  and  obliterated  re- 
mains of  shell-fish.f  It  is  well  known  that  the  madrepores 
and  other  polypi  of  the  equatorial  seas,  form  chalk  conti- 
nually in  great  quantities.    The  port  of  Bantam  was  shut 

•  Hany,  Traits  de  Mlneralogie.    Brongniart,  TraU6  Elein.  de  Min^ralogie. 
BeUntftberie,  &c. 

t  Stefien's  Memoir  upon  the  Natural  History  of  the  Interior  of  the  Globe, 
p.2!6.    (In  Gtsrman.) 
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BOOK    up  in  less  than  a  century  by  rocks  of  coral  formed  by  po- 
^^*     lypi.*    Limestone  is  discovered  mixed  with  tints  and  co- 

""~""~"  loured  marbles  {breche)  in  alluvial  soils,  and  also  in  volca- 
nic soils,  where  it  has  been  detected  by  the  explosions  that 
have  taken  place*  There  are,  however,  countries  wheM 
chalk  is  not  found ;  where,  at  least,  it  has  hitherto  been  but 
very  rarely  seen ;  as,  for  instance,  in  the  neighbourliood  of 
the  Cape  of  Good  Hope,!  and  in  the  granite  and  Tolcamc 
peninsula  of  Kamtchatka.^ 

The  carbonate  of  lime  confusedly  crystallized,  forms  the 
building  materials  in  France^    When  it  possesses  a  finer 

Marble.  K^'>>>  ^^  forms  a  sort  of  marble  of  no  great  value.  Accord* 
ing  as  it  becomes  harder,  and,  if  we  may  so  express  it,  more 
refined,  it  takes  a  much  finer  polish,  and  is  better  fitted 
for  the  chisel  of  the  sculptor.  It  is  then  properly  called 
marble.  White  statuary  marble  from  Carrara  in  Italy,  is 
.  esteemed  the  purest  of  any.  The  coloured  marbles  are 
formed  of  calcareous  matter,  mixed  more  or  less  with  ex- 
traneous  substances.  Pliny  is  right  when  he  says,  *f  Every 
country  possesses  its  peculiar  specif  of  marble.''  Marbles, 
however,  moi*e  regularly  crystallized,  of  a  larger  grain, 
and  more  mixed  with  particles  of  pyrites,  become  more 
rare  as  you  leave  the  middle  of  the  temperate  zone,  and  ajh 
proach  the  pole. 

Cakareouf     Crystals  of  carbonated  lime,  under  the  name  of  calcare- 

*^^'  ous  spar«  are  found  in  almost  every  subterraneous  cavity, 
and  in  all  veins.  They  serve  to  ornament  every  cabinet  of 
mineralogy.  Filtering  through  the  vaulted  roofs  of  sub- 
terranean grottos,  this  substance  forms  those  concretions 

Stalactites,  known  by  the  name  of  calcareous  stalactites ;  the  various 
positions  and  forms  of  which  present  all  kinds  of  agreeable 
and  fantastic  appearances  to  the  imagination  of  the  specta- 
tor.   The  eagle-stone  {giode)  is  a- concretion,  the  interior 

*  Blumenbach,  Histoire  Naturelle,  p.  450.    Corop.  Foitter,  Hron,  Su. 

t  Thunberg's  Travels,  i.  216.    (In  German.)    Sparman^s  Travele,  142— ^IS* 
(In  German.) 
,   t  Georgi,  Description  Physique  de  la  Russie,  1. 
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of  which  is  hollow,  sometimes  filled  up  with  crystals,  some-    book 
times  bristled  with  multitudes  of  needles.    The  more  abun-      '^ 
dtnt  and  uniform  calcareous  concretion   produces  those 
masses  known  under  the*  name  of  calcareous  alabaster.  Calcareous 
which  diflfers  from  marble  in  being  less  pure,  more  varie-  ^  "  ^^ 
gated  in  its  colours,  and  somewhat  more  transparent 

The  incrustations  which  are  formed  by  water,  loaded  J.»«'"»*** 
with  carbonate  of  lime,  have  led  to  the  supposition  that 
there  are  some  petrifying  springs.  These  incrustations 
prescHnre  exactly  the  figure  of  the  vegetables  that  have  been 
covered  writh  them,  the  substance  of  which  has  been  de- 
stroyed* It  is  in  the  same  manner  that  the  tufas  are  form- 
ed, or  calcareous  sediments  in  canals,  and  the  beds  of  rivers 
tnd  lakes,  the  waters  of  which  are  charged  with  this  sub- 
stance. 

Other  species  of  lime  are  of  less  importance.    Some  va-  Phospha- 
rieties  of  phosphated  and  of  floated  lime  exhibit  coloured  l^ted  linfe"* 
crystals,  which  very  much  resemble  the  more  precious  stones, 
such  as  chrysolites,  emeralds,  rubies,  and  others.    Fluated 
lime  is  often  found  in  tlie  matter  of  metallic  veins,  mixed 
wiA  the  ore. 

Sttlphated  lime,  or  lime  combined  with  sulphuric  acid,  is  Suiphated 
OMnmonly  called  gypsum,  or  plaster-stone,  when  mixed  ""^' 
"vith  carbonated  lime.  When  crystallized,  it  is  called  sele- 
nite.  This  stone  is  divisible  into  brilliant  and  transparent 
hminm,  and  was  used  by  the  ancients  instead  of  glass  for 
windows.  It  very  much  resembles  the  foliated  micaf  or 
talc  of  Mnsoovy,  yet  is  totally  difierent  in  regard  to  the 
nature  of  its  component  parts.  The  compact  suiphated 
lime,  fine  and  close-grained,  and  of  a  beautiful  white  co- 
fear,  is  the  substance  which,  under  the  name  of  gypseous  Sabasu?. 
alabaster,  or  alabastrite,  (pseudo  alabaster,)  has  so  often 
afforded  the  p6ets  a  term  o^  comparison  to  express  the 
whiteness  of  the  neck  or  arms:  **  A  skin  as  alabaster 
pare."  Suiphated  lime  is  often  found  under  the  form  of 
hills  or  little  mountains,  and  sometimes  in  beds  or  strata, 
in  countries  of  the  second  and  third  formation.  It  is  doubt- 
ful whether  there  be  any  of  the  first  formation,  or  whether 
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BOOK  tho  heaps  which  are  known  to  be  among  the  primitive 
'^  mountains,  have  not  been  produced  by  causes  of  a  later 
•  origin.*    The  school  of  Werner  supports  the  first  opinion. 

The  north  of  Europe  and  of  Asia  furnishes  very  little  sul- 
phate  of  limcf 
Barytes.         Barytes  and  strontites  are  but  of  little  importance  in  a 
strontiics.  phygiccgeographical  point  of  view,  although  the  sulphated 
variety  of  the  latter  affords  those  magnificent  crystals  which 
are  found  in  the  cavities  of  the  mines  of  sulphur  in  the  val- 
leys of  Noto  and  of  Mazzara  in  Sicily.    To  what  extent 
Magnesia,  magnesia  is  concerned  in  the  formation  of  certain  rocks,  is 
not  yet  sufficiently  determined.^    The  sulphate  of  magnesiai 
kno\(ii  under  the  names  of  sd  amer  and  Epsom  salt,  is 
found  in  many  mineral  waters,  particularly  all  those  in 
the  neighbourhood  of  Montpelier.    It  is  also  found  in  a 
state  of  efflorescence  upon  the  surface  of  schist,  from  which 
it  can  he  easily  collected.^ 
Vitrattof      Nitrate  of  potass  is  composed  of  vegetable  alkali  or  pot- 
potaet.      ^^  nitric  acid,  and  the  water  necessary  for  its  crystalliza- 
tion.   It  is  generally  known  under  the  name  of  saltpetre, 
or  nitre.    It  is  constantly  formed  in  those  places  which, 
like  our  stables  and  cellars,  contain  animal  and  vegetable 
matters  in  a  state  of  putrefaction,  or  which  receive  tiie  ef* 
fluvia  of  those  substances.    It  is  deposited  upon  the  sur- 
face of  old  walls.    As  this  article  is  much  us^  in  the  ma- 
nufacture of  gunpowder  and  aquafortis,  or  nitric  acid,  they 
make  artificial  nitre  beds  by  means  of  a  mixture  of  vege- 
table and  animal  substances. 
Muriate  of     MuHate  of  soda,  or  common  salt,  is  composed  of  soda, 
c^^on     muriatic  acid,  and  water.  It  is  spread  throughout  nature  in 
>aiL         an  abundance  corresponding  to  its  extensive  utility.    When 
found  in  a  crystallized  state,  it  is  called  fossil,  or  rock-salt 
There  are  immense  masses  of  it  in  Poland,  in  Hungary,! 

•  Saussure,  Voyage  dans  les  Alpes,  «  1208, 1236, 1239, 1931. 
t  Georgi,  Description  Physique  de  la  Russie,  v.  126. 

J  Faiijas  Saint  Fond,  Geologir,  U.  298,  tqq.     Deicmctheric,   Theorie,  t. 
p.  12. 
«  Chaptal,  cit^  par  Haiiy,  Min^ralogir,  ii.  336. 
II  Fichtel,  History  of  Roek-Sa)t.     {In  German.) 
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ill  Austria*  in  Bavaria,  in  Hanover,  in  England,  in  Spain,   book 
tad  generally  in  all  secondary  countries.    Great  quantities      ^^* 
of  this  salt  are  held  in  solution  by  the  water  of  the  ocean,  ■^"""■"*" 
from  which  it  is  procured  by  various  processes*    Sea  water 
is  sometimes  evaporated  in  shallow  ditches  or  pits  by  the 
action  of  the  sun ;  sometimes  in  large  vessels,  by  the  aid  of 
fire,  and  the  salt  procured  from  it  has  different  degrees  of 
sharpness  and  strength.    Some  lakes,  rivers,  and  springs, 
contain  salt,  particularly  in  the  neighbourhood  of  the  Cas- 
pian sea,  ^here  even  the  soil  is  impregnated  with  it    Salt 
lakes  are  generally  found  near  hills  of  marl,  clay,  limestone, 
and  gypsum.* 

The  borate,  or  rather  sub-borate  of  soda,  or  borax,  is  of  Borax, 
great  utility,  especially  in  the  melting  and  soldering  of  me- 
tals.    This  substance,  the  origin  of  which  is  disputed,  is 
foond  as  a  native  production  in  some  lakes  and  caverns  in 
Thibet,  Nepaul,  Persia,  Tartary,  and  in  Saxony,  but  we 
also  obtain  it  by  a  method  similar  to  that  employed  for  pro* 
curing  nitre«f    Carbonate  of  soda,  commonly  called  natron,  Carbonate 
is  found  in  certain  lakes  in  Egypt;  in  that  of  Kis-Maria  in«^«**^»- 
Hungary,  and  in  those  situated  in  the  plains  north  of  the 
Caspian.    It  sometimes  covers  the  plains  with  a  slight  ef- 
torescence.^    The  muriate  of  ammonia,  commonly  called  Muriate  of 
sal  ammoniac  comes  from  Egypt  and  Persia.    It  is  also  ^^^^^^* 
found  in  small  quantities  round  the  volcanos  of  Sicily  and 
Italy.    It  is  also  made  in  several  countries   in   Europe. 
Mixed  with  pounded  ice,  it  produces  an  artificial   cold, 
which,  according  to  Macquer,  reaches  to  18  degrees  below 
zero  in  Reaumur's  thermometer.^    All  these  salts  seem 
more  particularly  to  abound  in  plains,  which  are  surround- 
ed by  mountains ;  and  which  must  have  been  the  basins  of 
lakes  that  are  now  become  dry,  or  partly  run  out.    The 

♦  Palla*,  Voyag.  passim.    Georgi,  Descript.  de  la  Russle,  v.  21.  59. 

t  Fourcroy,  Element  d'Histoire  naturelle  ct  de  Chimie,  tome  ii.  p.  68,    Bus- 
ch'iD^,  Introduction  4  la  Geographie,  p.  120. 
X  Voyages  de  Townson,  de  Pallas,  etc. 

*  That  is— 8}  or  40)  below  the  freezing  point,  in  the  common  or  FahrenheilV 
thermometer. 


200  BOOK  Kurtfi. 

tfoOK   great  desert  of  Sahara  ajipears  to  be  a  similar  baaon,  cov«r« 

^^     ed  with  saline  efflorescence,  while  the  country   watered  by 

the  Niger  is  totally  free  from  it.    BrasU,  in  AnMrica,  is 

destitute  of  salt,  while  Paraguay  abounds  with  it.    This 

salt  is  rare  in  Scandinavia,  and  in  the  north  of  Russia. 

Alum.  Alum,  in  recent  chemical  works,  is  called  alkalioe-sul* 

phurated  alumina.  This  substance  is  found  by  itself  only 
in  very  small  quantities;  but  it  can  be  procun^  from  cer- 
tain earths  and  stones,  which  are  impregnated  witii  it,  or 
from  schists  and  pyrites,  which  contain  only  its  priad' 
pies. 

Pure  alumina"*,  or  earth  of  alum,  which  is  procured  from 
alum,  is  distinguished  among  the  elementary  earths  by  its 
tendency  to  mix  and  unite  itself  with  water.  It  is  found 
blended  with  the  most  dissimilar  substances.  It  enters  into 
the  composition  of  common  clay,  and  into  that  of  oriental 
gems.  \ye  know  tiiat  these  stones  are  very  difficnlt  to 
melt 

Cryolite.  A  Danish  missionary  has  brought  from  Greenland  a  sub« 
stance,  which  has  been  called  cryolite,  and  which  melts 
like  ice  in  tlie  flame  of  a  candle ;  it  is  the  floated  alkaline 
alumina  of  Hauy.  These  very  opposite  results  from  com* 
binations,  io  which  the  same  substance  is  predominant, 
ought  to  teach  us,  that  in  forming  a  true  theory  oftlie 
earth,  we  should  employ  with  the  utmost  circumspection  the 
principles  and  analysis  which  chemistry  afibrds. 

Quaru.  ^^  "^  ^^^'  proceed  to  earthy  substances.  The  first 
species  which  offers  itself  to  our  attention  is  that  of  hyaline 
quartz,  or  quartz  properly  so  called.  This  has  crystallized 
silex  for  its  base,  and  comprehends  some  varieties  very  dif- 
ferent in  their  aspect  to  the  eye  of  the  ignorant ;  but  flie  se- 
vere method  of  modern  mineralogy,  established  upon  che» 
roical  analysis,  rejects  all  false  classifications  founded  upon 
external  appearances. 

When  hyaline   quartzf  is  found  in  round  or  angulur 

*  It  is  called   Alumina,  from  its  being  the  base  of  the  salt  called  alum;  a»^ 
Fometimes  argil,  because  it  is  n]«o  the  ba«e  of  the  clays, — T, 
+  HaVy,  ii.  407.  ntjq. 
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grains,  wiflioat  cohesion,,  having  a  vitreous  surface,  it  is    book 
esteemed  of  no  value,  being  nothing  hot  sand  or  gravel,  and      ^^ 
it  to  be  Qsed  only  in  the  formation  of  roads :  if  these  small 
grains  are  united  by  a  natural  cement,  they  form  silicious  gravel, 
qoartzv  (gris  quart%eux.)    When  the  same  substance  has 
by  natoral  frictidn  been  fashioned  into  small  round  masses, 
it  is  raised  into  the  rank  of  crystalline  flints,  {eaiUoux  cris^ 
teUms.)    Lastly,  when  hyaline  quartz,  in  consequence  of  a 
more  regular  crystallization,  is  of  uniform  density,  and  per- 
fectly transparent,  it  occupies  a  distinguished  place  in  the 
collections  of  amateurs  under  the  name  of  rock  crystal ;  it 
oraaments  our  lustres ;  is  used  even  in  some  kinds  of  jewel- 
lery.   In  Madagascar,  these  crystals  are  found  in  the  great- 
est purity,  and  in  large  tables  or  flat  layers,*  and  this 
seems  to  confirm  the  truth  of  the  reports   mentioned  by 
Herodotus  and  Pliny,  of  the  abundance  of  crystal  in  Upper 
Ethiopia.    When  of  a  violet  or  purple  colour,  the  rock  crys-  Rock  crjs* 
tal  becomes  amethyst,  and  is  in  this  state  highly  valued  and  ^^^' 
cUssed  among  the  gems.    When  blue,  it  is  the  sapphire, 
(nqyiUr  d'eav,)  which  is  not  so  precious :  When  it  assumes 
the  colour  of  rose,  it  is  the  ruby  of  Bohemia,  the  most  valu- 
able of  all :  when  yellow  it  is  the  occidental  topaz ;  in  short, 
the  crystals  of  this  substance  take  the  names  of  the  different 
gems  which  tliey  resemble  in  colour. 

The  species  of  quartz  agate,  of  which  concreted  silex  con- 
stitutes the  base,  and  of  which  many  mineralogists  still  con- 
tinue to  form  a  distinct  genus  under  the  name  of  8UeXf\  suex. 
contains  the  following  among  other  varieties;  the  chalce- 
dony, which  is  of  a  bluish  or  grey  ^colour,  and  of  an  imper- 
fect and  cloudy  transparency ;  the  cornaline,  which  is  red, 
and  of  a  cherry-like  semi-transparency,  and  sometimes  of  a 
baaatifol  carnation  hue;  and  lastly,  the  chrysoprase,  a 
stone  of  a  delicate  and  clear  green.  They  give  the  name  of 
onyx  to  agates  formed  of  two  translucid  stripes  of  different  o^en^g^i 
colours.    Oriental  agate  is  distinguished  by  the  fineness  of  agate. 

*  Rocbon,  BecueU  de  M^m.  sui  la  Physique,  155. 

t  Comp.   Haiiy,  ii.  439.    BergmaTiD.  Sniae^raphia,  i,  325.     De(am#tberio, 
Thwrif  de  la  Terre.  ii.  136. 
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its  composition,  and  by  the  peculiar  appearance  given  to  its 
i^     interior  by  its  various  undulated  lamine. 

"■*^~~  When  the  quartz  agate  is  less  fine  in  its  composition,  it  is 
used  for  gun-flints  and  for  mill-stones,  and  even  for  common 
flints.  The  enhydros,  celebrated  by  Pliny,  is  only  an  eagle 
stone,  of  quartz-agate^  containing  a  small  quantity  of  water, 
which  is  perceptible  through  the  semitransparency  ci  the 
stone.  There  is  a  variety  of  quartz,  which  floats  upon  the 
water  until  it  has  imbibed  a  certain  quantity. 

Opal.  The  noble  or  perfect  opal,  as  it  is  termed,  is  a  milky 

resinous  quartz,  exhibiting  a  beautiful  play  of  colours,  like 
those  in  the  rainbow,  and  varying  their  shades  according  to 
the  position.  It  is  highly  prized  on  account  of  this  bril- 
liant appearance,  which,  however,  arises  solely  from  imper- 
fections, that  is,  very  minute  cracks  or  fissures  with  ytiidk 
it  is  filled.  When  divided,  it  no  longer  displays  this  pleas- 
ing and  changeable  effulgence.*  The  hydrophane»  or  semi- 
opal,  becomes  of  a  beautiful  transparency,  when  plunged  in 
water. 

Jafper.  Jasper  is  a  quartz  agate,  blended  with  argil  or  clay,  and 
a  little  iron,  which  gives  it  a  variety  of  colours.  It  was 
formerly  confounded  with  porphyry ;  but,  it  is  now  ascer- 
tained that  jiisper  is  of  a  secondary  formation,  and  has  no* 
thing  in  common  with  the  primitive  rocks  of  porphyry*  In 
general  all  quartz  agates  belong  to  the  secondary  eartiis. 

Conmon    The  beds  of  silex,  properly  so  called,  namely,  gun-flints, 

Biles.  mill-stones,  and  common  flint-stones,  though  inconaidmd»le 
in  regard  to  the  whole  globe,  present,  in  respect  of  their  si- 
tuation, some  remarkable  peculiarities.  Strata  of  silex  very 
often  alternate  with  those  of  chalk.  Hence  some  naturalists 
have  thought  that  they  were  the  petrified  remains  of  cm'tain 
marine  animals.f  In  several  vast  regions  of  the  globe,  as, 
for  example,  Siberia,  and  the  plains  in  the  neighbourhood  of 
the  Caspian  Sea,  gun-flints  or  **  silex  pyromaque*'^  is  very 
seldom  found. 

^  See  Newton,  Optice  LucU,  1.  ii.  p.  2.  and  the  Min^ralogie  of  Hauj» 
ii.  p.  456. 

t  Delam^therie,  Thtorie  de  la  Terre,  t.  33. 
%  Georgi,  Description  de  la  Russie,  iii.  169. 
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Hyaline  quartz,  without  ever  forming  tbe  entire  sab-    book 
stance  of  any  mountain,  abounds  in  every  soil.    It  is  one      ^^ 
of  the  integral  parts  of  most  varieties  of  the  granite  rocks. 
It  also  enters,  in  the  form  of  crystallized  grains,  into  tfaeofhyaiiM 
composition  of  many  rocks  of  porphyry*    It  forms  the  base  ^^^^ 
of  a  great  number  of  fossil  micaceous  rocks.     Its  crystals 
occupy  the  fortuitous  cavities  which  are  found  in  almost 
all  the  large  masses  of  rocks.    They  ornament  the  walls  or 
sides  of  such  cavities,  sometimes  in  transparent  prisms  of 
nearly  a  foot  in  diameter.    Hyaline  quartz  forms  veins^ 
frequently  of  a  great  extent,  which  pass  through  the  primi- 
tive  mountains;  and  these  veins,  becoming  exposed,  and 
projecting  by  the  wearing  away  of  the  rocks  in  which  they 
were  embedded,  have  given  rise  to  the  opinion,  that  there 
existed  mountains  entirely  composed  of  quartz.    There  is 
scarcely  any  secondary  rock,  in  which  we  do  not  find  com- 
mon or  unshapen  quartz,  in  masses,  in  veins,  or  in  crys- 
tals.* 

Arenaceous  quartz,  Cquart%  arinacifj  or  quartz  in  the  Situation 
form  of  sand,  covers  almost  entirely  the  bottom  of  the  sea.  qutitsr^* 
It  is  spread  over  the  banks  of  rivers,  and  forms  vast  plains, 
even  at  a  very  considerable  elevation  above  the  level  of  the 
sea,  as  the  desert  of  Sahara  in  Africa,  of  Gobi  in  Asia,  and 
many  others.  This  quartz  is  produced,  at  least  in  part^ 
irom  tiie  disintegration  of  the  primitive  granite  rocks.  The 
currents  of  water  carry  it  along,  and  when  it  is  in  very 
small,  light,  and  rounded  grains,  even  the  wind  transports 
it  from  one  place  to  another.  The  hills  thus  are  made  to 
move  like  the  waves,  and  a  deluge  of  sand  frequently  inun- 
dates the  neighbouring  country .f 

Arenaceous  quartz  furnishes,  by  fusion,  one  of  the  most 
useful  substances  we  have,  namely,  glass,  which,  being  less 
hard  than  the  crystals  of  quartz,  can  be  made  equally  trans- 
parent, and  is  equally  serviceable  to  our  wants  and  to  our 
pleasures.    There  it  shines  in  walls  of  crystal  in  the  palaces 

*  Brogniart,  iL  271—379. 
t  So  where  o'er  wide  Numidian  wattes  extend, 
Sudden  the  impetuous  hurricanes  descend,  fec.^See  AdduwCi  Colo, 
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BOOK    of  the  great,  reflecting  the  charms  of  a  hundred  asaembled 

IX*     beauties ;  here*  in  the  hand  of  the  philosopher,  it  discovers 

to  us  the  worlds  that  revolve  above  us  in  the  imoieiisity  of 

space,  and  the  no  less  astonishing  wonders  that  we  tread 

beneath  our  feet. 

Precious        We  shall  now  shortly  notice  the  diflerent  species  of  pre- 

■toBct.  ^j^Qg  stones,  which  are  almost  all  composed  of  alumine,  or 
pure  argil,  as  the  analysis  of  Bergmann  and  Klaproth  have 
proved.  According  to  the  method  of  Haiiy,  the  name  of 
Corundum  now  comprehends  a  species,  the  red  variety  of 
which  is  the  true  oriental  ruby  ;*  the  blue,  the  oriental  sap- 
phire; and,  the  yellow,  the  oriental  topaz.  These  three 
varieties  are  comprehended  by  the  French  amateurs  under 
the  general  name  of  <<  oriental  gems.''  These  valuable  and 
brilliant  substances  consist  of  ninety-eight  parts  of  alumina, 
and  two  of  iron.    To  the  species  called  by  the  French 

SpiMiie.  BpindUf  the  colouring  matter  of  which  is  the  metal  called 
chrome,  belong  the  scarlet  or  light  red  ruby,  the  pale  rose 
or  pink  ruby,  the  variety,  called  mftocfUf,  of  a  yellowish 
red  Qolour :  all  these  are  less  hard,  and  have  less  play  or 

Topas.  brilliancy  than  the  corundums.  The  limpid  and  transpa- 
rent topazes  of  Siberia,  the  pale  yellow  ones  of  Saxony, 
those  of  Brazil,  the  colour  of  which  is  a  reddish  yellow,  are 
all  included  by  Haiiy  in  the  same  class.  The  ruby  of  Bra- 
zil is  only  a  red  topaz,  (sometimes  reddened  by  means  of 
fire,)  the  beryl  or  oriental  aigue  marity^  called  Ibe  8i4ipbire 
of  Brazil,  is  a  greenish  blue  topaz.    Many  chrysolites  be- 

Emeraid.  long  to  the  same  species.  The  beautiful  emerald  of  Peru, 
the  pure  green  of  which  is  more  pleasant  to  the  eye  than 
the  dazzling  brilliancy  of  many  other  more  perfect  gems ; 
and  the  occidental  or  common  beryl,  a  stone  of  but  little 
value,  have  both  the  same  bases,  namely,  silex,  alumina, 
glucine,  and  lime ;  but  the  colouring  principle  in  the  eme- 
rald is  chrome,  and,  in  the  beryl,  a  very  small  quantity  <tf 

Garnet,     iron.    The  garnets  of  Bohemia,  of  a  deep  bright  red,  and 

*  Lapidaries  call  all  perfect  neniB  oriental,  and  those  which  are  lesf  fo  oeri- 
dentffl. 
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those  of  Syria,  of  a  purple  violet  colour,  contain  a  large    book 
proportion  of  iron,  sometimes  one-third,  or  even  two-fifths :      u. 
the  oriental  garnet  is  very  magnetic.    It  is  a  singular  cir-  —— * 
comstaiice,  that  this  quantity  of  iron  does  not  injure  its 
transparency.*    The  cymophanCf  known  also  by  the  names 
of  chrysoberyl,  and  oriental  chrysolite,  is  of  a  yellowish 
green  colour,  and  is  nearly  as  hard  and  heavy  as  the  co- 

We  have  not  yet  spoken  of  the  diamond,  that  king  of  Diunond. 
gems.  The  reason  is,  that  this  king  is  now  dethroned. 
Modem  chemistry  has  proved,  by  multiplied  and  decisive 
experiments,  that  the  diamond,  far  from  resisting  the  fire^ 
like  all  true  gems,  is  entirely  dissipated,  without  leaving 
any  residuum  whatsoever.  Consequently,  the  diamond  is 
now  classed  among  the  combustible  substances,  along  witii 
sulphur,  amber,  and  coal.  It  appears  that  the  diamond 
consists  of  pure  carbon.  Like  all  the  other  fine  gems,  the 
diamond  seems  to  abound  most  in  the  East  Indies,  and  in 
South  America.  The  precious  metals  also  more  peculiarly 
belong  to  the  equatorial  regions. 

Passing  over  some  less  interesting  species,  we  come  to  Feldspar* 
feldspar,  a  substance  composed  principally  of  silex  and 
alumina,  with  small  proportions  of  lime  and  potash.  If  it 
be  coloured,  it  is  by  the  presence  of  oxide  of  iron.  It  cuts 
glass,  is  phosphoric,  and  emits  sparks  when  struck  with 
steel.  The  feldspar  forms  the  base  of  a  multitude  of 
rocks,  and  predominates  in  those  of  primitive  formatioUf 
constituting  at  least  two  thirds  of  the  substance  of  granite.t 
Extensive  mountains  are  sometimes  solely  composed  of  it. 
Goldenstedt  tells  us,  that  feldspar,  either  pure,  or  mixed 
with  {granulated  quartz,  forms  that  vast  plain  of  rocks^ 
which  extends  from  both  sides  of  the  cataracts  of  the  Dnie- 
per. The  fosses  of  the  fort  of  Sacharowa,  are  cut  out 
of  natural  feldspar.^  It  is  also  to  this  substance  that 
poifhyry  rocks  owe  the  distinct  spots  which  arise  out  of 


•  Haiiy,  H.551. 

t  DoloQit^ii,  quoted  by  IlaHy;  ii.  008. 

t  Georgi,  Russie,  iii.  179. 
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tiieir  general  colour;  but  these  rocks  rarely  present  them- 
"*     selves  under  regular  forms.    The  fine  crystals  of  feldspar, 
whether  opaque  and  coloured,  or  limpid  and  transparesty 
occupy  veins  or  cavities,  contained  in  the  primitive  moan- 
tains;  and  it  is  the  Lomhard  Alps  which  have  furnished 
what  the  cabinets  of  France  consider  the  most  perfect  spe- 
cimens of  this  kind.     But  the  most  beautiful  crystals  of 
feldspar,  which  join  to  a  fine  green  colour  a  great  degree 
of  transparency,  are  found  in  detached  blocks  or  masses  in 
tiie  steppes  of  the  Kirguis,  whence  the  Buchanans  carry 
them  to  SemipalatnoL*    It  is  the  mountains  of  Siberia,  to- 
wards the  lake  Baikal,  which   have  supplied  these  large 
plates  of  azure  feldspar,  with  which  the  palace  of  Czars- 
koselo  is  adcnmed*    It  appears  then   that  this  substance 
abounds  stUl  more  in  the  Alps  of  Asia  than  in  those  of  Eu- 
rope.   On  the  contrary,  America  does  not  appear  to  affprd 
it  in  large  quantities. 
Decomno-      Feldspar,  even  when  decomposed,  still  maintains  a  cha- 
^r.    '     racter  of  importance.    It  is  found  in  eictensive  beds,  from 
the  Uralian  mountains  to  Ramtcbatka.    Of  the  two  sub- 
stances which  the  Chinese  use  in  the  making  of  porcelaiot 
the  one  named  petun»6,  is  a  whitish  laminated   feldspar; 
the  other  called  kaolin,  is  an  argiliform  feldspar,  that  is  to 
say,  feldspar  which  has  passed  by  decomposition,  from  the 
state  of  a  stone,  to  that  of  a  very  brittle  clay,  without  co- 
hesion, combining  with  water,  of  a  fine  white  colour,  and  in- 
fusible by  itself-— the  petuwaie  acting  as  a  flux.    The  same 
substances  are  employed  in  Europe  in  the  manufacture  of 
porcelain  ware. 
PetrosUez.      The  name  of  petroMex\  has  been  given  to  several  sub- 
stances, very  widely  distributed  in  nature;  but  there  ap- 
pears to  exist  great  confusion  in  this  subdivision  of  the  mi- 
neral kingdom.    The  homstone  of  Werner  or  keratolitlie 

^  PaUas,  Nouv.  M^moires  du  Nord,  v.  309,  Bindheira,  Analyse,  etc.  dans 
lai  MemoireB  des  Naturalistes  de  Berlin,  vol.  xi. 

t  Petrosilez,  a  Latin  word,  which  corresponds  to  the  vrotdsyfels-kiselin  Gft- 
man;  berg-flint  in  Danish;  heUe-Jlinta  in  Swedish:  all  these  words  mean 
rock*flint. 
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of  Dolanietlieriey  and  the  secondary  petrosilex,  or  niopetre   book 
of  Sassaare,  appear  to  be  one  and  the  same  substance,*  be-      '^ 
koging  to  the  larger  qtMrt%  agates,  and  to  the  secondary  *— -*- 
rocks ;  but  the  true  petrosilex,  compact  and  semi-transpa- 
reiity  wldch  is  found  in  Sweden,!  in  Norway,  in  Switzer- 
landy  and  in  general  in  all  the  primitiTe  rocks,  appears  to 
resonble  feldspar4    This  stone  forms  of  itself  very  cpn- 
slderable  mountains,  as  well  in  the  Alps  as  in  the  Uj-alian 
chain.    In  the  latter,  it  is  found  sparingly   in  detached 
blocks  and  rolled  pebbles;    Jimphibole,  though  less  common  Amphiboie, 
llian  feldspar,  holds  a  no  less  distinguished  rank  among  the  Horn- 
substances  which  compose  the  primitive  rocks.    It  predomi-  ^^^^^*' 
nates  in  greenstein ;  it  forms  with  feldspar  the  primitive 
irapps,  which  differ  from  basalt ;  and  enters  into  the  compo- 
»tk>n  of  syenite,  a  stone  often  nearly  allied  to  granite.    It 
also  forms  of  itself  very  considerable  masses.    The  crystals 
of  European  amphlbole  are  most  frequently  met  with  incas- 
ed in  substances  ejected  by  volcanos.    In  Siberia^  the  tra^ 
Teller  Laxman,  found,  near  the  lake  of  Baikal,  amphibole 
crystallized  in  small  prismatic  columns,  with  four  large 
fiices,  and  three  small  ones.    It  was  hence  called  baikalite.$ 

Mica,  a  substance  remarkable  for  its  metallic  brilliancy,  ^i^^^- 
is  distinguished  from  talc  by  its  pure,  smooth  surface,  and 
by  not  being  like  talc  unctuous  to  the  touch.    The  variety 
of  mica  which  consists  of  large  thin  transparent  lamin»t 
ia  mistermed  talc  of  Muscovy.    It  is  also  known  under  the 
Latin  name  of  Olades  Marise.    The  Russians,  especially  ia  Glass  of 
Siberia,  use  it  in  their  windows  instead  of  glass  ;||  but  it    ^^^^^' 
soon  becomes  soiled,  and,  in  some  measure  loses  its  trans- 

*  Voyages,  »  1194. 

t  Walteriuty  Syt^me  Mineral,  vol,  i.  p.   283.    (Petrosilex  sequabilis,  Spec. 
122.) 
X  Haiiy,  ir.  385.  Delametherie,  ii.  203. 

*  Severgin,  Nov.  Act.   Petropol.  1791.  p.  307.  Crell,  Chim.  Ann.  1793.  ii. 
21. 

I  Patrin,  Hist.  Nat.  des  Min^raux,  vol.  i.  p.  71. 
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BOOK    parency  by  exposure  to  the  air.    Another  variety  of  mica 
<^      in  spangles  of  a  yellowish  gold,  or  whitish  silver  colour,  is 
"■"""^  known  all  over  the  world,  by  the  ridiculous  names  of  caft 
gold,  or  cat's  silver.    The  gilt  sand,  and  gold  powder, 
which  the  paper-malLers  use  for  purposes  of  ornament,  an 
only  mica  in  small  fragments.  , 

Poiition  of  Mica,  says  Dolomieo,*  belongs  essentially  tollie primordial 
"^^**  .  rocksy  where  it  has  originated  in  the  midst  of  the  confused 
crystallization  by  which  these  rocks  have  been  formed.  That 
which  is  imbedded  in  certain  stony  substances,  of  secondary 
formation,  has  been  conveyed  thither  after  the  destruction  of 
the  rocks  which  inclosed  it ;  and  so  mnch  the  more  easily, 
as  its  particles,  thin  and  light,  were  susceptible  of  bmig  cai'- 
ried  along  by  the  waters,  which  deposited  them  with  other 
sediments  of  an  analogous  nature.  The  remains  of  mica, 
are  also  found  (having  been  carried  thither)  in  the  beds  of 
hard  grey-stone,  (gres)  and  schist,  which  generally  al- 
ternate with  strata  of  coal.  Its  fragments  are  still  often 
disseminated  in  the  sands  of  llie  most  recent  epoch ;  thus 
it  exists  in  different  states  in  substances  of  every  formation. 
It  appears  that,  in  the  south  of  Europe,  as  has  been  well 
observed  by  Dolomieu,  mica  is  rarely  found  crystallized  by 
itself;  tiiat  in  rocks  it  does  not  form  laminie  of  any  sensible 
extent,  and  that,  even  in  the  state  of  veins,  its  plates  are 
only  some  inches  in  dimensions ;  but  all  accounts  agree  in 
asserting  that  it  is  found  in  Russia,  Siberia,  and  Songoria, 
in  laminm,  and  in  masses,  sometimes  more  than  two  ells 
square.  It  is  in  the  (pranite  mountains  near  the  riv^^  of 
Mama  and  Aldon  that  the  mica  is  worked.  It  is  found  in 
detached  masses,  and  it  sometimes  appears  on  the  surface 
of  the  earth,  but  is  oftener  covered  with  a  bed  of  talc^f 
Near  the  lake  Bailal,  and  in  the  Uralian  mountains,  we 
meet  with  masses  composed  of  rhomboidal  and  hexagonal 
laminae  of  transparent  mica  in  the  midst  of  granite.    It  is 

*  Haiiy,  Mineralogie,  iiu  214. 
^  Gmelin,  dans  Georgia  iii.  tS8. 
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an  iindoabted  phenomenon  in  physical  geography,  that  tlie    book 
most  abundant  crystallization  of  mica  is  in  the  northern      ^^* 
regions.  

TalCy*  which  differs  from  mica  by  the  greasiness  of  its  xaic. 
surface,  is  also  less  hard ;  it  does  not  even  mark  the  carbo- 
nate of  lime;  it  is  easily  scraped  with  a  knife.  On  tlie 
other  handy  it  differs  from  soapy  clay,  because  it  forms  no 
paste  with  water,  and  does  not  adhere  to  the  tongue.  The 
talc  of  Venice,  whicli  abounds  in  the  Tyrol  and  Yalteline, 
is  of  a  greenish  white,  silvery,  and  divisible  into  thin,  tran- 
sparent^ and  flexible  plates ;  it  furnishes  a  (lowder  which 
raiders  the  skin  smooth,  and  is  employed  as  a  cosmetic. 
The  scaly  talc  is  known  under  the  name  of  chalk  of  Brian- 
fon.  SieatUe,  or  Bock  Soap^  is  the  graphic  talc  of  Hauy. 
It  is  the  substance  of  which  these  little  figures  that  are 
brought  from  China  are  formed,  and  whose  grotesque  ap- 
pearance has  caused  them  to  be  called  JUdgoU,  in  allusion 
to  a  species  of  monkey  which  bears  that  name.  The  **  talc 
oUaire^"  which  is  easily  turned  on  the  wheel,  is  made  into 
pots. 

This  sabstance  belongs  equally  to  the  primitive  and  se-  PosiUon  of 
oondary  rocks,  but  it  is  less  common  in  the  latter.  Ac- 
cording to  Dolomieu,  it  sometimes  arises  from  the  decom- 
position of  serpentine  rocks,  and  it  then  occupies  cavities 
wbwe  the  products  of  the  decomposition  are  collected. 
Dolomieu,  however,  considers  the  talc  i|8  formed  a  long  time 
after  the  granite  rocks.  It  indeed  is  disposed  in  very  ex- 
tensive banks,  but  then  it  is  neither  pure  nor  homogeneous. 
The  porest  talc  is  found  in  detached  nodules  imbedded 
in  micaceous  rocks.  The  open  chlorite  talc,  seems  some- 
times  to  have  penetrated  by  filtration  into  the  veins  of  the 
primitive  rocks ;  it  is  coloured  by  iron.  In  Corsica,  and 
near  the  White  Sea,t  we  find  a  foliated  sort,  which  is  pe- 
netrated throughout  with  little  sparkling  crystals  of  iron. 
The  green  earth  of  Verona,  which  is  used  in  painting,  is  a 

*  Talc,  a  stone  graaiy  to  tbe  toucb  and  sight ;  from  talg,  fat,  in  Damsli,  / 
Svediihy  Gennan. 

t  Laxman,  in  Georgi,  iii.  tl4. 

VOL.  1.  14 
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BOOK    variety  of  chlorite  talc ;  it  is  contained  in  beds  of  compact 
^^      lava,  into  the  cavities  of  which  it  has  been  introduced  by 
filtration. 
Tourma-        ^^  s\\M  be  obliged  to  pass  rapidly  over  many  interest- 
'"®*  ing  species,  such  as  the  toui*maline  or  the  electric  schorl, 

which  is  remarkable  for  its  very  strong  electricity  in  its 
two  opposite  points ;  when  heated,  it  attracts  or  repels  light 
Laziiiite.  bodies,  such  as  ashes  ;* — the  lazulite,  or  sapphire  of  the 
ancients,!  which  furnishes  the  superb  paint  called  Ultra- 
marine, the  permanency  of  which,  by  the  side  of  the  other 
colours,  which  are  more  or  less  affected  and  altered  by  the 
action  of  the  air,  somewhat  impairs  that  harmony  of  tints 
which  is  so  pleasing  in  pictures ; — a  number  of  stones,  to 
which  the  names  have  successfully  been  given,  of  %eolitef 
Jade.  j^^9  ^^  nephrite,  which  resembles  talc;  idocrase,  other- 
wise vesuvian ;  the  amphigene  of  Haiiy,  otherwise  the  lea- 
cite  or  white  garnet ;  the  emcraiidiaf,  {diopta%e  of  Haijy,] 
which,  by  its  beautiful  green  colour,  derived  from  copper, 
indicates  the  emerald  species ;  and  a  number  of  others, 
which  it  were  tedious  to  enumerate.  We  will  terminate 
this  hasty  survey  of  earthy  substances  by  a  brief  descrip- 
tion of  the  celebrated  asbestos. 
Aftbettof,  'I'bis  substance,  called  also  amianthus,  appears  to  bepro- 
or  amian-  duced  from  the  decomposition  of  primitive  rocks^  amongst 
which  it  is  oftenest  found.  It  chiefly  occupies  fissures  and 
cavities  of  steatitic  rocks,  serpentine,  and  others  abounding 
in  magnesia.  The  asbestos  which  is  found  in  the  mountaias 
of  Tarantaise,  in  Savoy,  forms  silky  filaments  of  more  than 
three  decimetres,  or  about  a  foot  in  length.  People^  when 
they  see,  for  the  first  time,  a  detached  tuft  of  asbestos,  can 
scarcely  be  convinced  that  it  is  actually  a  stone,  and  not  a 
species  of  fine  white  silk.  Asbestos  abounds  in  Corsica ;  Do- 
lomieu  made  use  of  it,  instead  of  hay  and  tow,  to  pack  up 
other  minerals.    Ciampini  says,  that  the  longest  asbestos 

*  Miiieralogie  de  Hauy,  iii.  pagei  44 — ^58. 

t  Bayer,  Dissert,  de  Sappbiro.     Beckmann,   Histoire  des  Inveotionf,  iii* 
,  182.  tqq. 
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be  erer  saw  came  from  the  Pyrenees.*    It  abounds  in  the    book 
Uralian  mountains,  and  in  Greenland.    In  Corsica,  they      '^* 
mix  asbestos  with  the  clay  used  in  the  potteries,  which  is !!      7T 
thus  rendered  less  brittle,  and  more  capable  of  resisting  tibe  asbestos. 
sodden  alterations  of  heat  and  cold.    The  ancients  spun 
the  asbestos,  and  made  towels,  napkins,  and  head  dresses 
of  it    When  tiiese  became  soiled  by  use,  they  were  thrown 
into  the  fire,  which  did  not  destroy  the  substance  of  the  as- 
bestos, and  upon  being  taken  out,  were  found  to  be  whiter 
than  if  they  had  been  washed.    In  the  funeral  obsequies  of 
kings  and  emperors,  the  dead  body  was  enveloped  with 
cloths  of  asbe^»s,  before  it  was  placed  on  the  funeral  pile; 
and  thus  the  ashes  Were  obtained  quite  unmixed.f    In  mo* 
dem  times,  the  Russians  alone  have  attempted,  but  without 
smccess,  to  spin  the  asbestos.    The  inhabitants  of  the  Ura- 
lian mountains  haVe  still  preserved  some  remains  of  this  fri- 
Tolotts  industry.^    The  indestructible  paper,  made  from  this 
substance,  appears  more  useful.    Wicks  for  lamps  are  also 
formed  of  all  the  asbestos,  which  easily  imbibe  oil,  and  bum 
wifli  a  brilliant  flame.$    Father  Kircher  made  use  of  such 
a  wick  fbr  more  than  two  years,  .without  any  perceptible  de-  • 
<^yf  but,  having  wet  it  by  accident,  was  pi-evonted  from 
continuing  his  experiment    Perhaps  the  fabulous  accounts 
of  unextinguishable  sepulchral  lamps  derive  their  origin  from 
this  circumstance. 

Of  the  inflammable  substances,  sulphur  naturally  pre-  Sulphur. 
sents  itself  first  to  our  observation.  That  wliich  is  crys- 
tallized by  the  action  of  a  liquid,  is  found  in  veins  or  in 
beds,  amongst  Sulphate  of  lime,  or  amongst  potters  clay. 
These  beds,  which  are  often  very  extensive,  border  upon 
strata  of  rock  salt  Crystals  of  sulphur  sometimes  adorn 
the  interior  of  calcareous,  or  even  quartz  eagle  stones.  With 
Inspect  to  sulphur  formed  by  sublimation,  it  is  found  in 
powder,  in  striated  masses,  or  even  in  crystals,  at  the  mouth 

*  De  Lino  Incombustibile ;  Rome,  in  4to,  1691,  p.  5,  6. 
t  Pliojy  Nat.  Hist.  b.  19.  cb.  1. 

X  Bruckmann,  Magnalia  Dai  in  locis  subterr.  ii.  955.  Georgi,  Hi.  244. 
^  Egede,  Account  of  Greenland,  (in  Danish.) 
14 
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BOOK  of  many  Tolcanos»  such  as  Etna,  Yesavinsy  and  Mount 
^^^  Hecla.  Sulphur  is  also  obtained  from  the  pntrefaction  of 
"""^^^  animal  matter.  Several  substances,  amongst  others  the 
sulphurous  pyrites,  are  impregnated  with  snlphnr.  We 
cannot  doubt  that  sulphurous  and  sulphuric  acid  exerted  a 
powerful  agency  in  the  primitive  fermentation  of  the  ele- 
ments—but there  is  nothing  in  the  existing  economy  of  na- 
ture which  can  enable  us  to  penetrate  these  myrteries  of 
'^  chaos  and  ancient  night.'' 

We  have  already  spoken  of  the  diamond,  to  which  the 
rigid  justice  of  modem  chemistry  assigns  a  place  amongst 
Anthracite,  combustible  substances.  The  anthracite,  a  substance  si- 
milar to  the  pit  coal,  combined  with  stony  matter,  of  diffi- 
cult combustion,  appears  to  have  the  same  principle  for  its 
basis  as  the  diamond,  namely,  pure  carbon,  ace  identally 
mixed  with  flint  and  iron.  The  anthracite  occurs  chiefly, 
but  not  exclusively,*  in  primitive  rocks,  where  it  forms  con- 
Carbon,  siderable  masses.  Thus,  as  Dolomieu  obsen'es,t  **  carbon, 
or  the  carbonaceous  principle,  exists  in  nature,  independently 
of  animals  and  vegetables,  of  which  there  are  no  traces 
found  in  the  primitive  so|ls."  XiOt  us  also  add,  that  sul- 
phur must  have  existed  before  organized  bodies^  since, 
as  Delametherie  observes,  it  is  found  in  granite.^  Deluc 
has  lately  expressed  the  same  opinion  in  relation  to  pri- 
mitive calcareous  earth.$  We  seem  every  day  becom- 
ing more  disposed  to  admit  the  formal  pre-existence  of  all 
the  elements  which  enter  into  the  composition  of  the  globe, 
whilst  false  logic  would  represent  them  as  being  wholly 
the  remains  of  animals  or  vegetables.  Let  us  rather  say, 
that  the  organic  energy  of  nature  exerted  in  two  different 
directions,  has  given  rise  on  one  side  to  calcareous  rocks, 
alkaline^arthy  substances,  and  animals— on  the  other,  to 
quartzeous  and  bituminous  substances,  and  vegetables; 
constantly  putting  in  action  the  same  elements,  or  their 

*  Hericart  de  Tbury ;  quoted  by  Brongniart,  Tr.  de  Mineral,  ii.  58. 
i  Journal  des  Mines,  No.  29.  p.  338,  339. 
%  Tb6orie  de  la  Terre,  ii.  p.  250. 
A  Journal  de  PJivs.  180:?. 
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prodocts,  but  always  proceeding  from  a  general  aiid  imper«    book 
feet  organization,  to  another  more  individual  and  more  per-      ^^* 
fect^  ascending  from  the  stone  to  the  diamond,  from  molyb- 
dena  to  gold,  from  the  medusa  to  the  shell,  and  from  the  po- 
lypus to  man. 

The  elementary  oils  existed  also  without  doubt  before  ve- 
getable substances.  The  place  they  hold  in  nature  is  worthy 
of  our  attention. 

Bitumen,  in  a  liquid  state,  when  it  is  of  a  brownish  co-  Bituminoui 
lour,  commonly  bears  the  name  of  petroleum,  or  mineral  ^  °  ^"'°* 
tar,  and  when  it  is  white  and  transparent,  that  of  naphtha. 
It  filters  through  the  earth  and  rocks  which  remain  impreg- 
nated with  it  IThere  are  springs  of  it;  those  of  BiJlu  in 
Persia  are  well  known.  It  floats  sometimes  like  oil  upon 
the  surface  of  the  waters.  It  is  said  that  there  is  a  lake  of 
this  description  in  Mesopotamia.  In  the  duchy  of  Parma, 
it  is  drawn  up  in  buckets  from  wells  sunk  in  the  earth  for 
the  purpose.  The  same  substance,  in  drying,  passes  to  a 
state  of  glutinous  bitumen,  named  also  maltha,  mineral 
pitch,  or  pissasphaliumf  and  from  that  to  solid  pitch — ^in 
this  last  state  it  is  called  asphaltwm,  and  gives  its  name  to 
lake  JhphaUus  in  Palestine.  It  appears  that  a  subter- 
raneous fermentation  detaches  from  a  bed  of  solid  bitu- 
men, situated  under  the  lake,  those  crusts  of  asphaltum 
that  we  see  swimming  on  its  surface.  The  glutinous  bitu- 
men is  found  in  France,  in  Auvergne,  at  a  place  called  the 
Pay  de  la  Pege,*  where  it  covers  the  earth,  and  sticks  to 
the  feet,  so  as  to  incommode  and  retard  tiie  traveller.  In 
Persia,  Japan,  and  other  countries,  they  use  liquid  bitumen 
as  oil  for  their  lamps.  The  Persians  and  Turks  mix  it  with 
flieir  varnish  to  give  it  lustre.  The  walls  of  Babylon  were 
built  with  a  cement  in  which  bitumen  formed  an  ingredient 
Booille  has  concluded,  from  his  experiments  upon  mum- 
mies, that  the  Egyptians  employed  bitumen  in  their  em- 
balming. 

*  limerjy  Dicttono.  p.  602.  The  name  of  La  Pege  comet  without  doubt 
from  the  Latin  pix,  pieii^  la  poix,  pitch. 
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BOOK       Pit-coal  appears  to  be  bitumen   united  to  an  earthy 
'^*      base.     Most  naturalists  consider  pit-coal,  (and  the  same 

"; may   be   said  of  other  bituminous  substances,)   as   being 

in  a  great  measure  a  product  of  the  vegetable  and 
animal  kingdoms.  Such  an  origin  appears  at  first  marked 
out  by  the  numerous  remains  of  organic  bodies,  parti- 
cularly of  well  known  sea  animals,  which  are  found  in 
coal  mines ;  by  the  impression  of  different  plants,  particu- 
larly of  the  fern  tribe,  in  the  schistous  clays,  which  form 
the  roof  of  these  mines ;  and,  finally,  by  wood,  still  partly 
in  a  ligneous  state  and  partly  bituminated,  so  that  we  can, 
from  such  appearances  trace,  as  it  were,  the  process  follow- 
ed in  the  formation  of  coal,  from  one  point  in  the  scale  to 
another. 

Chemical  analysis  proves  that  pit  coal  gives  tbe  same  pro- 
ducts as  organized  bodies,  namely,  hydrogen,  oxygen^  car- 
bon, azote,  and  an  eartliy  residue. 
Position  of  Coal  is  most  commonly  found  in  France  and  in  England, 
pit-coa].  where  the  primitive  and  secondary  rocks  join ;  whence  it 
has  been  concluded,  that  beds  of  coal  were  collections  of 
siriistances  deposited  by  the  ancient  sea  along  the  shores  of 
the  ancient  earth — ^it  is  supposed  that  the  rivers  would  besr 
along  trees,  plants,  and  bodies  of  animals  towards  tbe  ses, 
which  would  throw  them  back  upon  its  primitive  shores, 
where  they  would  accumulate  in  beds  and  masses,  aad  in 
that  condition  enter  into  a  state  of  decomposition  and  com- 
bustion. The  mines  of  coal  ought  then  to  be  found  diqiosed 
around  the  most  elevated  nudei  of  the  new,  or  actually  ex- 
isting earth,  and  which  have  been  the  islands  of  the  prine- 
val  ocean.  Such  is,  amongst  others,  the  disposition  of  the 
mines  of  coal  around  the  mountains  of  Hartzy  as  described 
by  Lehmann.* 

But  the  simplicity  of  this  theory  does  not  accoont  for  the 
complicafted  circumstances  connected  with  the  position  of 
eoaL  The  numerous  beds  of  sandstone,  {gres,)  of  schist,  and 
chalk,  which  generally  separate  those  of  coal,t  shew  us  that 

*  Desroaretty  Nouv.  Encydop.  Gteg.  Phyi.  art.  RoueUe, 

t  Dubamel,  Extrait  d'un  M^moire,  &c.  Journal  det  Mines,  ?iii.  33. 
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this  last  substance  has  been  formed  at  different  intervals  in    book 
a  flaidy  and  perhaps  in  part,  at  a  period  when  the  present     ^^' 
Tegetables  and  animals  did  not  exist    In  some  placesi  ac-  — — — 
cording  to  Delam^therie,  the  intermediate  beds  which  se- 
parate the  strata  of  coal,  preserve,  as  well  as  these  strata,  a 
constant  parallelism  between  them.    This  parallelism  is  so  Parallel- 
much  tiie  more  remarkable,  that  there  are  beds  of  coal, bedsof^* 
which  are  scarcely  an  inch  in  thickness,  although  often  se-  coaJ- 
vera!  leagues  in  extent.    It  has  been  concluded,  and  with 
sufficient  probability,  that  these  beds  were  formed  in  inte- 
rior lakes,  and  crystallized  in  calm  waters.*    It  must  at  the 
same  time  be  stated,  that  we  observe  other  beds  of  coal 
which  indicate  circumstances  of  great  Confusion.     Near 
Valenciennes,  some  beds,  which  are  vertical,  or  almost  ver- 
tical, are  covered  over  by  an  alternate  superposition  with 
beds  parallel  to  the  horizon*! 

The  great  extent  of  beds  of  coal  presents  another  subject 
worfty  of  consideration  j  they  appear  to  pass  under  the  very 
bottom  of  the  sea. 

In  the  Danish  island  of  Bomholm,  which  is  composed  of  Submarine 
calcareous  and  schistous  earths,  of  a  secondary  formation,  ^^^^^' 
we  find  a  considerable  bed  of  coal,  which  comes  from  the 
Baltic  sea,  passes  under  the  island,  and  extends  itself  again 
under  the  sea,  towards  the  opposite  coasts  of  Scania,  a  pro- 
vince of  Sweden.  This  bed,  the  thickness  of  which  is  not 
known,  may  be  from  five  to  seven  leagues  in  length,  and 
more  than  one  league  in  bread th4  We  may  conclude,  ac- 
cording to  the  apparent  direction  of  the  bed,  that  it  ought 
equally  to  be  extended  under  the  secondary  schistous 
rocks  in  Scania.  Scania  runs  from  south-east  vto  north- 
west, in  the  same  direction  as  the  bed  of  submarine  coaL 
In  fact,  alumin  schist  (aluminous)  is  found  first  at  An- 
dramm,  and  a  bed  of  coal  has  been  recently  discovered 

*  DelaiD§therie,  Tli6orie  de  la  Terre,  v.  p.  39. 

t  Baillet,  inspector  of  mines,  quoted  by  Haiiy,  Mineral,  iii.  320. 

I  Memoirs  of  the  Society  of  Rural  Economy  of  Copenhagen,  (in  Danish^) 
i- p.  465-496. 
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BOOK    at  Hoganess,  upon  the  borders  of  the  Soand,  or  eatrance  of 
1^     the  Baltic. 
~      j         In  short,  it  is  a  very  remarkable  tfaing»  that  coal,  a  sab- 
situated  in  Stance  SO  easily  inflammable,  is  found  coyered  oyer  with 
basalt,      gubstancest  which,  if  they  are  not  the  products  of  volcanos, 
seem  at  least  to  owe  their  origin  to  fusion,  occasioned  by  the 
powerful  action  of  caloric  The  most  striking  example  of  this 
collocation  of  the  seams  of  coal  has  not  yet  been  examined 
with  due  care.  The  islands  of  Feroe,  which  appear  to  be  no- 
thing  but  masses  of  basalt,  and  which  rise  perpendicularly 
from  the  bosom  of  the  sea  to  the  height  of  1800  feet^  contun 
an  extensive  mine  of  coal,  inclining  to  the  variety  named 
**  dry  coal.*'*    It  is  found  in  the  island  of  Sudoree,  and,  ac- 
cording to  the  descriptions  given  of  it,  it  seems  to  have  at 
once,  for  its  roof,  its  wall,  and  its  support,  basalt,  trappy  or 
rocks  which  are  closely  connected  with  these  two  kinds.! 

All  bituminous  substances  exercise  in  a  singular  manner 
the  ingenuity  of  the  naturalist,  who,  though  he  can  diacovor 
the  elements  of  which  they  are  composed^  cannot  explain  the 
origin. 
Jet.  Jet  is  found  so  differently  described,  lliat  we  cannot  say 

whether  it  is.  fossil  wood,  or  hardened  asphaltum.  The 
Elastic  elastic  bitumen,  which  occurs  in  England,  near  Casfleton 
pitch.  1^  Derbyshire,  appears,  according  to  the  researches  at  two 
distinguished  naturalists,^  to  be  a  substance  ideatifiod  with 
the  cahoutchuCf  or  elastic  gum,  which  pertain  trees  in  Pera 
furnish.  This  fossil  cahoutchuc  transported  to  so  gpneat  a 
distance  from  the  warm  climate  in  which  it  must  have  been 
produced,  seems  tlien  to  furnish  a  new  proof  of  the  aston- 
ishing revolutions  which  our  globe  has  undergone.  The 
state  of  hardness,  however,  in  which  certain  portions  of  this 
bitumen  are  found,  renders  the  ni^ture  of  it  very  uncertain. 

•  See  Charbon. 

t  Memoires  de  la  Soci^ti^  d'Histoire  Naturelle  de  Copenhague.  Voyas»  arti- 
cle Ferocy  ci-apres. 

X  Delam^therie,  Journal  de  Physique,  xxxi.  p.  311 ;  Faujas  Saint-Fond, 
Annales  du  Museum  d^listoire  Naturelle,  1,  201  $qq,  ;  Mawe,  Mineralogy  oT 
Derbyshire,  viii.  80. 
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The  mo6t  celebrated  of  all  the  bituminous  substances,  is    book 
assuredly  8ucdnumf  or  yellow  amber.    We  have  seen  what      '^ 
a  prominent  part  the  Succine  islands,  or  the  EUctrides^  form-       . 
ed  in  the  history  of  the  ancient  getigraphical  traditions,  and  or  yeiiow' 
that  we  may  with  equal  probability,  seek  for  this  country  *"*>•'• 
of  yellow  amber  in  the  Asturias,  where  that  substance 
abounds  in  the  beds  of  coal  ;*  and  in  Eastern  Prussia,  where 
the  Baltic  Sea  throws  pieces  of  it  upon  the  coasts,  and  where 
formerly  the  fishermen  collected  lumps  of  it  in  their  nets,! 
whilst  now  it  is  the  regular  working  of  the  hills  of  sand  in 
the  neighbourhood  of  the  sea,  which  furnishes  the  greatest 
quantity*:^    There  was  lately  found  at  Schleppacken,  at  the 
distance  of  twelve  German  miles  from  the  sea,  the  largest 
pieceof  amber  that  was  ever  known;  it  weighs  Idi  pounds, 
and  is  preserved  in  the  royal  museum  of  Berlin.^    Next  to 
Prussia,  Eastern  Pomerania  furnishes  the  greatest  quantity 
of  amber :   where  it  is  also  worked  in  quarries.||    In  gene- 
ra], the  whole  of  the  plain  which  borders  the  Baltic  Sea  on 
the  sooth,  produces  amber  commonly  within  the  beds  of  sand, 
and  of  clay,  sometimes  in  the  midst  of  imperfect  coal«5f 
These  depots  of  amber  extend  from  Livonia,  and  particular- 
ly from  Courland,  to  the  western  coasts  of  Sleswick,  where 
p^aps  the  Phmnicians  purchased  this  substance  formerly 
80  much  sought  after.** 

The  situations  in  which  yellow  amber  occurs ;  the  phy-  Origin  of 
sical  and  chemical  qualities  of  this  substance,  which  appears  ^^^"^  *^' 
to  approach  the  resinous  gums ;  the  insects  which  are  found 
endowed  within  it,  as  in  a  crystal  prison ;  every  thing,  in 

*  D.  Catal,  Hifltoire  Medicale  des  AsturieSy  dans  les  Annalas  des  Voyages, 
▼iii,  80. 

t  Boet.  De  Laptd,  et  Gemmis,  1.  ii.  p.  159.  Hartmano,  Succioi  Prussici  His- 
toria  Pbjsica,  etc. ;  Francfort,  1677,  etc. 

X  Basse,  la  Prusse,  le  pays  d'ambre  jaune  et  le  paradis ;  Kosnigsberg,  1799. 

4  Kant,  G^raphie  Physique,  vii.  154,  (supplement.) 

I  Brennas,  Journal  Litt^raire  de  Berlin,  Janvier  1802,  p.  IS.  T^or.,  p.  141. 
Rubs,  Mteoires  de  Pom^ranie,  1,  cab.  iv.  p.  399. 

t  Seetsen,  Magasin  min^ralog.  de  M.  Hofi^  1.  vol.,  4e  cahier,  p.  406. 

^  **  Heinze,  Nouveau  Magasin  de  Kiel,  ii.  937  S97.  (d'apris  les  M^moires  it 
l\\cad^fnie  des  Sciences  de  Copenhague.) 
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short,  connected  with  its  history*  would  induce  us  to  r^ard 
this  fossil  as  a  juice  which  once  flowed  from  a  tree,  and 
"whichf  buried  in  the  earth  by  some  natural  convulsion, 
would  be  impregnated  with  mineral  vapours,  and  acquire  a 
certain  degree  of  consistency.*  But  as  the  copal*  the  on- 
ly kind  of  known  gum  which  resembles  amber,  is  brought 
to  us  from  Africa  and  the  Bast  Indies,  it  would  appear,  that 
the  forests  in  which  amber  is  produced,  could  not  exist  in 
the  environs  of  the  Baltic,  unless  a  very  elevated  tempera- 
tore  prevailed.  Thus,  these  small  fi*i^$ile  crystals,  which 
at  first  seem  to  be  only  an  object  of  idle  curiosity,  become  so 
many  monuments  of  the  revolutions  which  our  planet  has 
eiperienced. 

*  Fourcroy,  filtfoMiii  dliiftoutt  Naturelle  et  de  Chimie  (Mit.  de  17S9,)  iii. 
443. 
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BOOK  X. 

CoKtinuation  of  the  Theory  of  Geography.  Of  the  simple 
$iib$tnnces  which  compose  the  solid  part  of  the  globe. 
SecHon  Second :  of  Metals. 

The  only  minerals  which  remain  for  us  to  consider,  are  General 
netals;  substances  whose  brightness*  weight,  density,  due-  ^^^|^f 
tilhyy  and  fusibility,  engage  the  attention  of  mineralogists 
and  crystallographers ;  substances  which,  forming  some* 
tifflps  the  representative  signs  of  the  products  of  industry, 
and  sometimes  the  useful-or  the  formidable  instruments  of 
wr  arts,  and  our  passions,  ought  to  be  carefully  noticed  in 
the  description  of  political  states ;  but  they  peculiarly  deserve 
attention  in  the  details  of  physical  geography,  from  the  in- 
timate relation  which  they  bear  to  the  two  great  agents  of 
■atore,  electricity  and  magnetism.  Our  knowledge  of  facts 
is  too  limited  for  enabling  us  to  discuss  with  advantage  the 
WM  hypothesis  of  some  Danish  and  German  naturalists, 
vho  pretend  to  form  from  analogical  conjectures  a  theory 
a(  the  electrical  and  magnetic  phenomena  observed  in  me- 
tals, and  who  have  even  venturod  to  draw  from  it  the  con- 
dition, that  the  solid  centre  of  the  globe  was  a  metallic 
Bass,  all  tiie  mineral  substances  in  which  were  only  oxides.*" 
This  theory,  unsatisfactory  and  defective,  notwittistanding 
^  the  attempts  to  support  it  by  vague  analogies,  acquires, 
iadeed,  some  interest,  from  its  approximating  to  the  results 
<^  Sir  EL  Davy's  new  experiments,  which  seem  to  indicate 
the  metallic  nature  of  a  number  of  substances  in  appearance 
(vthy  and  alkaline.    We  must  wait  the  ulterior  progress 

*  Steffeni,  Hittoiie  Int^rieure  de  la  Nature.    ScheUiog,  Thterie  de  llJiiiven. 
li  Jottxnal  de  Pbyuque  Speculative,  i.cab.  3.  RHter,  le  Sid^risme,  etc. 
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BOOK    of  these  intere^ng  researches,  before  we  can  appljtiiem 
^      to  explain  the  theory  of  the  earth.     But  all  philosophers 

*^"""~"  should  agree  in  considering  the  bearings  and  position  of 
metals,  as  a  subject  worthy  our  most  careful  and  persever- 
ing researches.  Physical  geography  indispensably  requires 
that  a  subject  of  this  nature  should  constitute  one  of  its  d^ 
partments ;  and  if  we  devote  to  it  a  certain  portion  of  our 
pages,  our  readers  will  perceive,  in  the  progress  of  our  work, 
the  advantages  which  are  thus  afforded  us,  even  in  the  study 
of  political  geography.  We  shall  class  metals  according  to 
their  specific  gravity. 

Ptotina.  Platina  remained  unknown,  or  neglected,  untQ  1735. 
Don  Ulloa,  a  Spanish  geometrician,  who  accompanied  Con- 
damine  and  Bouguer,  in  their  voyage,  to  measure  a  d^ree 
at  Peru,  having  found  this  metal  there,  announced  the  dis- 
covery of  it  in  the  relation  of  his  voyage.  Platina  as  yet 
has  been  found  only  in  the  gold  mines  of  America,*  parti- 
cularly in  those  of  Santa  Fe,  near  Carths^na,  in  CastiUe 
d'Or,  and  in  the  mines  of  Choco,  in  Peru.  It  is  brought 
to  us  in  little  grains,  mixed  with  gold  dust,  femiginoos 
sand,  and  some  particles  of  mercury.  That  which  has  been 
brought  into  Europe,  contains  three  or  four  extraneous 
minerals.!    It  is  the  least  fusible  of  all  the  metals. 

To  melt  it  into  ingots,  it  is  mixed  with  arsenic,  a  sub- 
stance which  i-enders  the  platina  very  fusible,  and  from 
which  it  ts  afterwards  easily  separated  by  roasting,  fint 
this  process  exposes  the  workmen  to  vapours,  the  dang^  of 
which  is  unfortunately  too  well  known.  It  is  of  platina 
that  those  rods  are  made,  that  have  been  employed  in  mea- 
suring the  base  of  the  chain  of  triangles,  whence  has  been  de- 
duced the  length  of  the  arc  of  the  meridian  which  traverses 
France,  and  by  consequence,  the  distance  from  the  equator 
to  the  northern  pole. 

Froperty  of  This  metal  has  been  chosen  for  such  purposes,  becaase  it 
is  little  susceptible  of  dilating,  or  contracting  firom  the  va- 

*  It  is  also  found  in  Estramadura  in  Spain. — T. 

I  Fourcroy  et  Vanquelin,  Annales  dii  Museum,  tome  iii.  p.  149;  toon  ir 
p.  77.  iqq. 
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riations  of  temperature.    Its  dilatation,  according  to  Borda»    book 
is  only  ttAw  for  one  degree  of  the  centrigrade  thermome-       ^ 
ter,  or  Tfhi^  for  a  degree  of  Reaumur.    Whilst  a  rod  of 
iron  dUates  ttttt  for  a  centesmial  degree,  and  77^  &>*  & 
iegree  of  Reaumur.* 

Gold  is  only  found  in  its  native  state,  that  is  to  say,  al-  ^oid^  its 
iiost  pore.  It  exists  in  all  kinds  of  earth.  It  is  found  in  ^'''''''^ 
little  beds  in  the  primitive  mountains  of  gneiss,  and  of 
ucaceous  schist,  in  the  country  of  Salzbourg,  and  in 
Carniola;  it  occupies  veins  in  tlie  mountains  of  sienite  and 
porphyry  near  Kremnitz  in  Hungary,  in  the  secondary 
rocks  of  argillaceous- quartzous  schist,  or  even  of  saiidstonoy 
Iph,)  at  Zalatna  in  Transylvania,  and  in  an  argillaceous 
btt  stones  igri$  argileux\)  not  far  from  Ekaterinbourg  in 
Siberia ;  thus,  says  Werner,^  this  metal  has  been  formed  in 
my  different  periods.  It  is  also  proved  by  the  ezperi- 
BMsnts  of  Sage,  Berthollet,  Rouelle,  Darcet  and  Deyeux,^ 
tiiat  there  are  particles  of  gold  existing  in  vegetables.  Ber- 
tikoUet  has  extracted  about  2  grammes,  yV1»  or  40  grains  ^ 
of  gold,  from  489  hectogrammes,  or  a  quintal  of  ashes. 
Werner  assures  us,  that  at  Zalatna,  native  gold  has  been 
fimnd  in  half  petrified  wood,  or  rather,  says  he,  in  bitumin- 
ous wood.|| 

The  mine  of  gold  which  is  in  Norway  is  poorer  than  oei^aphi- 
ftat  in   Sweden;    those  of  the  north  produce  altogether ^^^"jj^*" 
icmely  the  twentieth  part  of  the  quantity  furnished  by  gold, 
ftat  of  Nagyag  in  Transylvania,  or  that  of  Kremnitz  in 
H\»igary.    But  what  indeed  are  all   the  gold  mines  of 
Knrope,  taken  together,  in  comparison  of  one  single  mine 
in  Peru  or  Brazil  ?  In  going  from  La  Paz,  towards  Potosi, 
and  Tacuman,  all  the  beds  of  clayey  schist  are  found  pene- 

*  Or  about  V  according  to  the  scale  of  Fahrenheit.  One  degree  of 
^aaiDur  being  supposed  equal  to  2  1-4  of  Fahrenheit.— T. 

^  Grh  sometimes  means  flint  or  silicious  substances,  and  sometimes  is  trans« 
^ted  free-8tone»    The  context  must  determine  which  it  designates.— T. 

}  Werner,  Nouvelle  Thtorie  des  Filons,  4  77. 

^  Chaptaly  Element  de  Chimie,  torn.  iii.  p.  401. 

'I  TWorie  des  Filons,  loc.  cit. 
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BOOK    trated  with  veins  of  auriferous  quartz ;  and  the  fall  of  a  shelt 
^«      of  rock  discovers  masses  of  gold  from  3  to  300  pounds  in 
"^—^  weight*    The  islands  of  Borneo,  of  Celebes,  or  Macasssr, 
and  of  Sumatra,  situated  under  the  equator,  contain  very 
rich  mines  of  gold,  though  badly  worked.f 
SftDdi  pro-     Europe  has  also  rivers,  which  cany  along  with  them 
ffoid*^       some  gnuns  of  gold ;  but  in  Africa,  in  searching  along  the 
rivers,  we  find  almost  every  where  auriferous  sand.    In 
Nigritia,  the  natives  are  regularly  employed  every  year  Ib 
this  golden  harvest,  after  having  finished  that  of  the  com* 
Near  Akim,  upon  the  coast  of  Guinea,  one  person  may  pick 
up  several  ounces  a  day.    This  increasing  abundance  of  one 
of  the  most  weighty  and  dense  metals,  as  we  approach  the 
equator,  presents  to  us  a  question,  as  interesting  as  it  is  dif- 
ficult to  solve. 
Quality  of     1%^  valuable  qualities  of  gold  render  it  worthy  of  the 
^^'        rank  which  opinion   has  assigned  to  it  amongst  metais. 
Less  brilliant  than  piatina,  it  has  a  colour  more  agree- 
able to  the  eye.    Thus,  the  poets  have  not  failed  to  give 
golden  locks  to  Apollo ;  to  Jupiter  a  throne  of  gold ;  Vul- 
can  employs   gold  to  forge   a   buckler  for  Achilles;  in 
short,  in  the  form  of  an  adjective*  the  words  gold  and  beau- 
ty are  synonymous  amongst  the  Greeks.    Tractable  in  tlie 
bands  of  art,  from  its  great  ductility,  gold  assumes  every 
form  which  we  wish   it  to  acquire.    The  goldsmith,  the 
jeweller,  the  embroiderer,  and  the  gilder,  employ  it  with 
equal  ^  facility.     It  is  capable  of  the  most  astonishing  su- 
perficial extension,  thus  making  up,  in  some  measure,  for 
its  scarceness,  by  its  ductility.    A  quantity  of  gold,  of  the 
weight  of  one  grain  (53  milligrammes)  can  be  beatrn  out 
into  a  sheet,  the   surface  of  which  will  cover   50  square 
inches,  or  S-^y^  square  decimetres ;  and  when  used  in  the 
gilding  of  silver  wire,  its  extension  is  nearly  nxteen  times 
greater.    The  tenacity  of  gold  is  such,  says  Hauy,  that 
one  thread  of  this  metal,  of  2^jg  millimetres,  or  r^^  of  an  inch 

^  Helm,  Journal  (Vun  Voyage  de  Buenos-Ay  res  a  Lima,  (en  All.) 
t  Mem.  de  la  Socirte  de  Batavia,  ii.  166,  iv.  589,  etc. 
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• 

a  diametBTf  can  support  a  weight  of  M4-^%  kUogrammesy  or   book 
500  pounds,  without   breaking.    As  gold  is  very^  soft,  it      ^ 
nost  be  mixed  witli  copper,  when  coined  intt>  money.    This  — — — ' 
iUoy  gives  it  a  reddish  tinge.    Grold  acquires  a  resinous 
electricity.* 

Native  silver  is  rarely  found  pure  in  the  bosom  of  the  SiWer. 
earth;  it  is  sometimes  mixed  with  copper  and  iron,  and 
sometimes  with  gold,  but  more  frequently  with  arsenic 
The  same  province  of  South  America  which  possesses 
the  richrat  gold  mines^  namely,  Peru,  contains  sdso  great 
trtasares  of  silver. 

The  mines  of  Potosi  produced,  from  the  year  1545  to  Geographic 
1648,  about  395,619,000  piastres,  but  they  are  exhausted.  JJjJ„"J"5:^ 
In  North  America,  Mexico  abounds  in  silver,   about  22  metal. 
BiUions  of  piastres  being  derived  from  it  every  year.f 
Silver  is  apparently  diffused  throughout  the    whole  ex- 
tent of  the  old  continent;  but  the  mines  which  are  now 
liest  known,  are  almost  all  found  in  the  temperate  zone 
of  the  North.    Those  of  Siberia,  of  Saxony,  and  of  Hartz^ 
are  at  the  50th  degree  of  latitude— those  of  KonigsbeiFg  in 
Norway,  at  the  60th  degree.    The  produce  of  these  mines, 
however,  is  trifling,  compared  to  the  mineral  riches  of  Ame- 
rica, which  are  contained  within  the  two  parallels,  distant 
thirty  degrees  from  the  equator.    We  are  ignorant  whether 
Afiica  possesses  mines  of  silver  equal  to  those  of  the  New 
World. 

Silver  is  found  in  quartz,  limestone,  sulphurated  zinc,  its  posi- 
and  sometimes  in  \petrosilex  ;:|:   it  is  rarely  met  with  in  '^°' 
granite  rocks.    At  Frankenberg,  in  Hesse,  leaves  of  native 
ffliver  are  found  adhering  to  petrifactions.$     This  metal 
exists  in  grains  (though  rarely)  in  a  thread-like  form,    • 
in  thin  lamin»«   in    ramifications,    in    octahedral    crys- 
tals, and  sometimes  in  very  considerable  masses.    We  are 
^^ssared,  that  one  was  found  at  Schneeberg,  in  Saxony,  in 

*  Haiiy,  Annales  du  Museum,  iii.  309.  sqq, 

t  Hainboldt,  Essai  Politique  sur  la  Nouvetle  Espagne. 

\  Bergmaon,  Geographie  Physique,  i.  966. 

^-  Werner,  Nouyellc  Theorie  des  FUons,  i  78  et  79. 
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BOOK    1748,  which  weighed  400  quintals,  or  196  kilogrammefl.* 
^       Another  mass  was  found  at  Konigsberg,  of  the  weight  of 

560  marks,  (about  270  kilogrammes,)  and  is  presenred  in  the 

Boyal  Museum  at  Copenhagen.  Bergmann  says,  that 
there  has  been  found  in  the  sands,  upon  the  coasts  of  Peru> 
masses  of  150  marks  of  silver  entirely  pure. 
Quality  of  Silver  is,  next  to  gold  and  platina,  the  most  unalterable 
■iiver.  of  ^^  metals — its  surface  only  blackens  in  those  places 
where  there  are  sulphureous  and  inflammable  vapours.  It 
is  remarkable  that  silver,  alloyed  with  a  considerable  por- 
tion of  gold  or  copper,  preserves  its  white  colour;  whilst 
a  small  quantity  of  silver  or  copper,  mixed  with  goldt  chan- 
ges very  sensibly  the  colour  of  this  latter  metal.  This  phe- 
nomenon, common  to  all  white  metals,  made  Newton  ima- 
gine, that  the  particles  of  white  metals  have  much  more 
surface  than  those  of  yellow  metals,  and  that  they  are  even 
very  opaque;  so  that  they  cover  the  gold  and  copper, 
without  permitting  the  colour  of  these  metals  to  pierce 
through  theirs.  They  ought,  on  the  other  hand,  to  be 
more  thin,  because  the  white  light  which  they  reflect,  an- 
swers to  a  greater  degree  of  tenacity,  than  the  yellow  of 
gold  of  copper.*  According  to  the  experiments  of  Brisson, 
and  the  calculations  of  Haiiy,^  the  specific  gravity  of  a 
mixture  of  gold  and  copper,  exceeds  the  sum  of  the  specific 
gravities  of  the  two  metals  wheii  separate  about  iV-  On 
the  contrary,  the  specific  gravity  of  a  mixture  of  silver  and 
copper,  is  less  than  the  total  of  the  specific  gravities  of  the 
two  metals,  by  about  iV*  Another  physical  quality  of  sil- 
ver is  still  more  worthy  of  our  attention,  the  property 
which  it  has,  when  dissolved  in  nitric  acid,  of  crystallizing 
under  a  kind  of  vegetable  or  aborescent  form,  producing 
what  is  called  the  tree  of  Diana.  It  would  seem,  that  the 
crystals  of  which  this  kind  of  mineral  vegetation  is  com- 
posed, may  be  considered  as  small  magnetic  rods,  whose 
poles,  by  attracting  and  repelling  each  other,  determine 

*  JSL^fij  Min^ralogic,  vol.  hi.  p.  S88.  note  3. 

t  Newton,  Opttce  Lucis.  lib.  ii.  part  3.  proposit.  7. 

t  Haiij,  Mioferalogie,  tom.  iii.  p.  380  et  390. 
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their  respective  positions."*^  Silver,  though  less  rare  than  book 
gold,  has  been  preferred  to  that  metal/  as  a  representative  ^ 
of  Talue;  the  resistances  which  it  opposes  to  the  action  of 
the  air  and  humidity ;  its  brilliant  whiteness,  and  its  mallea- 
bility, render  it  applicable  to  a  multiplicity  of  purposes  both 
useful  and  ornamental,  which  are  too  well  known  to  require 
enameration. 

Solphate  of  silver,  that  is,  silver  combined  with  about  4  Suiphuret- 
of  sulphur,  commonly  bears  the  absurd  name  of  {mine  d* ar- 
dent ritreuse)  vitreous  silver,  though  it  has  not  even  the  ex- 
terior appearance  of  glass.  Antimonial  sulphureted  silver 
is  commonly  called  red  silver,  and  the  fine  lively  red,  which 
is  the  essential  colour  of  it,  justifies  the  name.  The  trans- 
parent crystals  of  this  metal  form  not  a  bad  imitation  of  the 
raby;  the  more  beautiful  they  are  the  less  silver  they 
contain. 

Native  mercury  is  generally  found  in  brilliant  and  move-  Mercury, 
able  globules,  disseminated  in  the  clayey  schist,  as  at  Idria 
inFriuli,  or  rather  in  Camiolia;  in  marl,  in  quartz,  as  in 
the  district  of  Deux  Fonts,  and  in  primitive  lime-stone, 
as  at  Almaden  in  Spain.  This  metal  requires  so  little  heat 
for  its  fusion,  that  the  atmosphere  always  contains  enough 
to  preserve  it  in  the  fluid  state.  The  cold  of  Siberia,  how- 
ever, and  of  Northern  Russia,  sometimes  converts  it  into 
Ae  solid  form,  which  has  been  erroneously  considered  as 
cougelation,  it  is  then  almost  as  malleable  as  tin,f  and  ad-  its  conge- 
nits  of  being  extended  into  very  thin  sheets  4  besides,  its  *  *""' 
^de  repasses  to  a  metallic  state,  without  the  intervention 
of  any  foreign  substance.  It  possesses,  then,  the  essential 
qualities  of  metals,  and  approaches  the  nature  of  those  that 
«t  the  most  perfect  Mercury  amalgamates  with  almost 
all  metallic  substances,  but  chiefly  with  gold,  silver,  tin, 
«ri  bismutb  ;$   it  is  this  property,  joined  to  the  facility 

*  RUter,  M^moires  siir  le  Galvanisme,  i.  cah.  2.  p.  880. 

^  BcrgmanDy  Geog.  Phys.  i.  227.  Comf).  Hacbette  et  Hassenfratz,  dans  \o 
Jotinial  de  Tecole  Polytechnique,  t.  cah.  p.  123.  et  suiv. 

t  Bnuji.  Comroem.  Petrop.  novi.  xi.  p.  268.  Blagden,  Philosopb.  Transact, 
l7».vol.Uxiu.p.  329. 

4  Gellert.  Principes  de  Cbimte  Docimastique,  152,  (en  All.) 
VOL.1.  15 
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BOOK   with  which  it  evaporates^  that  causes  it  to  be  employed  in 
^*      gilding,  and  in  working  mines  of  gold  and  sUver.    llie  sil- 
"""■"""■^  vering  of  glass  is  effected  by  amalgam  of  mercury  and  tin. 
Philosophers  make  use  of  the  same  amalgam  to  spread 
'  upon  the  robbers  of  electric  machines.    The  efficacy  of 
medicines  formed  of  oxides  of  mercury,  is  entirely  owing  to 
the  facility  with  which  these  oxides  are  decomposed  by 
parting  with  tlieir  oxygen.    All  these  physical  and  chemi- 
cal qualities  shew  what  an  important  part  mercury  woaU 
act  in  the  formation  of  our  earth,  if  it  there  existed  in  great 
^^e^'P^'*  quantities.    At  present,  this  metal  is  found  only  in  y«i7 
tion  of      small  portions,  and  at  great  distances — it  seems  to  fail  in 
mercury,    countries  in  the  vicinity  of  the  arctic  pole.    The  whole  of 
Siberia  presents  to  us  only  two  or  three  ambiguous  speci- 
mens.*   The  New  Continent  is  not  more  abui^antly  pro- 
vided with  it.    The  natural  amalgam  of  mercury  and  silver^ 
is  called  silvery  mercury.    It  remains  for  us  only  to  notice 
the  sulphuret  of  mercury,  well  known  under  the  name  of  cin- 
Cinnabar,  nabar,  or  vermilion  cinnabar,  and  which  is  sometimes  found 

in  regular  veins* 
j^ad.  An  ignoble  metal  claims  the  rank  next   to  mercury, 

that  is,  lead,  a  substance  of  very  dense  structure,  but  ex- 
tremely deficient  in  point  of  hardness,  elasticity,  and  even 
ductility.  It  is,  however,  of  great  utility  in  its  metal- 
lic state;  conduit  pipes,  balls  for  guns^  and  other  plain 
and  coarse  implements  are  made  of  it;  and  the  oxides  of 
lead  are  employed  in  many  of  the  arts.  It  is  lead  which 
gives  to  glass  an  unctuosity  which  renders  it  susoeptihle  of 
being  easily  cut  and  polished.  It  is  to  lead,  or  to  its  red 
oxide,  that  glass,  called  flint  glass,  owes  the  quality  which 
renders  it  so  valuable  for  the  construction  of  the  olyect 
glasses  of  achromatic  telescopesy~the  quality  of  divesting 
the  images  of  those  colours,  with  which  they  tqfpeut  to  he 
edged  when  we  view  them  through  a  common  tdesoope. 
The  oxides  of  lead  furnish  a  variety  of  colours  both  to  the 
pallet  of  the  painter,  and  the  toilet  of  the  modem  LaiJs* 

*  Georcl,  Description  de  la  Russie,  iii.  406. 
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This  metel  is  generally  found  mineralized  by  sulphur,    book 
&nning  an  ore  coniinonly  called  galena,  which  is  almost      ^ 
aivays  OMxed  with  iron,  wifli  antimony,  and  especially  with  ^  . . 

•I  f»w_.  .  11  T     /       »     *       x^^  Powiiou  of 

sa?er.  Tiufl  ore  is  generally  worked  only  tor  the  purpose  lead. 
of  extracting  from  it  the  silver  it  contains.  Werner  speci- 
fies seventeen  formations  of  galena  of  diflferent  periods,  in 
all  sorts  of  rocks,  from  the  quartz  to  pit-coaL*  There  are 
00  kind  of  mines  more  common  in  Europe.  The  kind  of 
Sttena  which  contains  silver,  is  met  with  {n  Danish  Lapo- 
nia.  But  lead  is  not  found  in  abundance,  any  where  in  the  Geographi- 
North  of  £ttrope,  or  Asia.  It  begins  to  discover  itself  insion!*^*"" 
great  quantities,  only  in  Germany,  France  and  England.  We 
are  assured  Hiat  in  the  interior  of  Louisiana,  it  forms  vast 
Ms  upon  the  surface.!  Carbonate  of  lead,  w  mineral  white 
lead,  often  accompanies  galena;  it  is  an  oxide  mineralized 
bycaHnmic  acid.  •  Molybdate  of  lead,  or  the  oxide  mineral- 
ized by  molybdic  acid,  is  found  at  Bleyberg  in  Carinthia; 
it  generally  bears  the  name  of  yellow  lead.  The  red  lead 
of  Berezof  in  Siberia  b  mineralized  by  the  chronic  acid.  It 
is  still  doubtful  whether  there  exists  any  lead  in  tlie  native 
state. 

Nickel  is  not  a  very  ductile  metal ;  it  is  of  no  use  in  the  Nickel. 
arts,  but  it  possesses  some  magnetic  properties.^  It  gene^ 
rally  accompanies  cobalt,  an  equally  magnetic  substance^ 
these  two  metals,  of  a  nature  nearly  allied  to  that  of  iron, 
and  often  containing  particles  of  it,  seem  to  occur  most 
plentifully  in  the  uorOau 

Copper,  one  of  the  metals  of  which  nature  is  most  lavish.  Copper ;  its 
qjpears  to  occupy  two  great  regions  of  the  globe  which  f *?  exien- 
admit  of  being  distinctly  defined.    We  know  that  it  abounds  sion. 
in  Norway,  in  Sweden,  in  Hungary,  in  England,  in  the  Ura- 
liaa  mountains,  throughout  all  Siberia,  in  Chinese  Tartary, 
and  Japan.  We  must  also  add,  that  several  islands  between 
Kamstchatka  and  America  produce  masses  of  native  cop- 

*  Werner,  Thterie  dee  Ftlons,  p.  156-161  (en  All.) 
t  See  Description  de  la  Loiiisiane. 

\  Experiences  desBiot,  cit^dans  le  Tableaux  des  ISsp^ces  Mineral  de  Luca«, 
?.  287.  Comp.  Hany,  Minerals,  in.  512. 
15 
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BOOK  per;"*^  that  immense  beds  of  it  are  found  apon  tiie  banks  of 
^*  the  Ohio;t  and  lastly,  that  there  have  been  signs  of  its  ex- 
istence  in  Greenland,  and  in  Iceland.^  This  metal  then 
seems  to  be  common  to  all  the  countries  situated  in  a  zone 
of  about  45  degrees  of  latitude  around  the  northern  pole.  But 
it  is  found  on  the  other  side,  over  all  the  south  of  Africa, 
from  Congo,$  to  the  Cape  of  Grood  Hope,||  and  according  to 
Beniouski  in  Madagascar.  The  southern  extremity  of 
America  appears  also  to  contain  considerable  mines  of  it,il 
and  Brazil  presents  to  our  notice,  an  immense  block  of  it  in 
the  native  state.  It  appears  then,  that  this  mineral  is  accu- 
mulated  at  the  two  extremities  of  the  two  great  continents. 
We  must  at  the  same  time  admit,  that  this  interesting  sketch 
may  meet  with  objections,  drawn  from  the  existence  of  ex- 
tensive mines  of  copper  in  the  country  of  Morocco  j**  in  the 
island  of  Cyprus,  and  Turkish  Armenia,  mines  which  by 
connecting  together  the  two  regions  that  have  jost  been 
pointed  out,  compel  us  to  regard  copper  as  a  substance 
common  to  all  the  zones  of  our  planet 
Position  of  With  respect  to  native  copper,  naturalists  agree  in  distin* 
copp«r-  guishing  two  different  formations ;  copper , of  the  first  forma- 
tion is  in  crystals,  in  thin  plates,  in  threads,  in  clusters, 
which  are  commonly  found  attached  to  quartz,  or  schist, 
and  sometimes  primitive  limestone,  as  is  the  case  nearEka- 
tertnbourg  in  Siberia,  and  at  Tunaberg  in  Sweden. 

The  copper  of  cementation  is  of  more  recent  formation; 
it  is  obtained  from  sulphate  of  copper,  (commonly  called 

*  Georgi)  Russie,  434.  Sauer.  etc. 

t  Michaux,  Voyages  aux  ^tats  de  POuest. 

%  In  almost  all  his  descriptions  of  mines  either  of  metals  or  coals,  M.  Malie- 
Brun  seems  to  forget  there  is  such  a  country  as  England,  remarkable  for  'm 
minea  of  tin,  lead,  iron,  copper,  and  coals.  At  the  time  when  be  wrote,  it  vi* 
the  fashion,  if  possible,  to  forget  it. — T. 

(  Lopez.  Relazione  di  Congo,  p.  14.  Cavazzi.  trad,  de  Labat.  i.  35. 

II  Sparmann,  Voyage,  596.  (en  All.)  Patterson,  Barrow,  etc.  etc. 

IT  Vidaure,  Istoria  Geografica  di  Chili. 

**•  Hosst,  Notices  de  Maroc.  (trad,  du  Daii.  en  All.)  p.  310.  Chenier.  etc 
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vitrioly)  held  in  solution  in  water,  and  decomposed  by  the  book 
application  of  heat.  It  forms  concretions  upon  different  ^* 
stony  sobstanceSy  and  even  upon  organic  bodies.  Waters 
impregnated  with  particles  of  copper,  are  called  cementatory  cementa- 
waters.  Amongst  the  ores  of  copper,  the  most  common  is  J^jy ' 
the  pyrites  of  copper.  In  the  mines  of  Kopparberg  in 
Sweden,  of  Rceras  in  Norway,  in  those  of  Siberia,  and  in 
genera!  in  all  the  great  copper  works,  this  metal  is  prin- 
cipally obtained  from  pyrites  of  a  yellow  or  iris  colour,  in 
which  it  is  found  mineralized  by  iron  and  sulphur.  The 
grey-coloured  copper  contains  silver,  antimony,  lead,  sul- 
phur, &c  The  sulphuret  of  copper,  or  copper  combined 
principally  with  sulphur,  has  a  vitreous  appearance.  In  the 
state  of  oxide,  copper  assumes  various  tints,  red,  blue,  or 
jreen.  The  silky  or  pearly  carbonate  of  copper,  (the  satin- 
Uke  ore  of  Bergmann,)  presents  a  green  colour  like  an  eme- 
rald, softened  by  a  sort  of  satin  lustre,  which  has  the  effect 
•fgiring  it  a  more  beautiful  appearance.  This  same  cop- 
per, in  a  state  of  concretion,  forms  the  substance  named 
Balachite,  which  is  susceptible  of  a  fine  polish,  and  of  which  Malachite, 
the  cheeks  of  chimneys,  snuff  boxes,  and  various  trinkets 
are  made.  It  is,  to  use  the  happy  expression  of  M.  Haiiy, 
the  alabaster  of  metallic  substances."*^ 

As  it  is  the  province  of  political  geography  to  treat  of  Qualities 
manafactories  which  have  the  working  of  metals  for  their  ^^^^^'' 
object,  we  shall  be  pardoned,  we  trust,  if  we  mention  in  a 
few  words  the  eminently  useful  qualities  of  copper.  This 
mineraly  while  it  is  much  more  ductile  than  iron,  is  also 
more  durable  than  tin  and  lead.  Its  tenacity  is  such,  that 
Qoe  wire  of  copper  of  2,7  millimetres^  or  ^\  of  an  inch  dia^ 
iMter,  can  sustain  without  breaking,  a  weight  of  146  kilo- 
grams, or  about  320  pounds  English.  The  useful  quali- 
tie8  of  copper  are  partly  balanced  by  its  very  changeable 
Batnre.  Exposed  to  the  air,  or  to  damp,  it  is  very  soon 
covered  with  that  rust  known  under  the  name  of  verdigris, 
which  is  one  of  the  most  active  poisons :  When  melted  aqd 

*  Hftiijy  Min^ralogie,  iii,  575. 
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BOOK  refined,  it  is  called  purified  or  rose  copper,  which  is  less 
^*  dense  than  native  copper.  .What  we  call  yellow  csopper,  or 
brass,  is  a  compound  of  copper  and  zinc,  wUch  is  obtained 
by  the  cementation  of  copper  with  caUunine^*  and  which, 
from  being  less  subject  to  rust,  furnishes  Uie  watchmaker, 
tlie  mechanical  philosopher,  and  the  geometriciaOf  with  so 
many  instruments  of  general  use,  exquisitely  delicate  in 
their  workmanship,  and  at  the  same  time  of  great  durabili- 
ty. But  if  the  two  metals  are  directly  united  by  fusion^ 
the  mixture  takes  the  names  of  pinchbeck,  tombac,  and 
gold  of  Manheim.  The  brass  dilates  j^,  for  every  de- 
gree  of  Reaumur,  and  77^^,  for  e?ery  degree  of  the  era- 
trigrade  tbermometer.f  The  specific  gravity  of  brass  is 
about  ^c  more  than  the  sum  of  the  two  specific  gravities  of 

Bronze,  copper  and  zinc  Bronze  is  made  by  uniting  a  certain 
quantity  of  tin  with  copper ;  it  is  more  elastic  aad  sonorous 
than  pure  copper.  It  is  this  compound,  that  is  to  say,  tlie 
perverted  use  of  it,  which,  foUowing  H^  steps  of  the  con- 
queror, hurls  forth  the  thunderbolts  of  war  against  peaoe- 
fnl  nations.  It  was  of  bronze  that  the  genius  of  the  Greeks 
fashioned  the  august  images  of  tiieir  gods,  and  the  cherisb* 
ed  features  of  the  benefactors  of  the  earth.  Without  the  aid 
of  copper  and  iron,  man  could  neither  have  nttaiaed  his 
present  height  of  civilization,  nor  have  lent  to  crime  the 
destroying  energy  of  the  infernal  powers.  But  let  us  re- 
turn to  the  subject  immediately  befiMre  us. 

Cobalt.  Cobalt,  which  partakes  with  oxidated  iron  ai  magnetic 

property  in  an  eminent  degree^  seems  to  be  of  two  forma- 
tions of  different  ages.  The  white  cobalt  of  Weiwr,  (er 
grey  cobalt  of  Uauy,)  is  frequently  found  in  veins  is  the 
secondary  mountains  of  Hesse  and  Thuriagiai  The  am- 
nical  cobalt  of  Haiiy,  which  Werner  calls  aiumng  cobalt 
exists  only  in  the  primitive  rocks,  and  is  accompanied  hj 
quartz  and  primitive  lime-stone.    This  mineral  is  employ* 

^  Calamine  is  the  ore  which  furnishes  sine  io  greatctt  abandance.— Tt 
t  Borda,  cit6  par  Haiiy,  ibirU  p.  52(. 
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ed  to  make  a  flne  blue  glass,  named  smalt,  which,  in  a  pul-    book 
Teriied  state,  is  known  under  the  name  of  Saxon  blue.*  ^* 

Tin  19  of  a  formation,  which,  according  to  a  celebrated  "i 

mlnerdogist,  carries  us  back  to  one  of  the  remotest  periods 
io  the  history  of  the  globe ;  it  has  never  been  found  in  se- 
condary mountains ;  it  exists,  however,  he  says,  in  all  por- 
phyrlSB.  The  singular  manner  in  which  tin  mines  are  dis- 
tributed upon  the  surface  of  the  globe,  appears  to  us  to  be 
extremely  remarkable.  This  metal  is  found  in  Cornwall  in  Geographi- 
England,  in  Saxony,  in  Bohemia ;  it  is  scarcely  ever  met  tion!'  "^' 
with  in  other  parts  of  Europe;  it  entirely  disappears  when 
we  penetrate  into  the  interior  of  the  ancient  continent,  and 
does  not  again  discover  itself  till  we  reach  the  peninsula  of 
India,  on  tiiis  side  of  the  6anges,|  whence  its  mines  extend 
to  the  peninsula  of  Malacca,  and  to  the  islands  of  Sumatra, 
Banca,  and  Japan.  Africa  and  South  America  produce  but 
little  of  it  The  tin  which  is  used  in  the  arts  for  coating 
glass,  for  solder,  for  farming  utensils,  and  for  the  composi- 
tion of  scariet,  possesses  the  singular  property  of  rendering 
BM>re  hard,  and  more  sonorous  the  metals  with  which  it  is 
mixed,  although  by  itself  it  is  deficient  in  these  two  qualities. 
At  the  same  time,  it  takes  away  ductility  from  metals  pos-  Qualities. 
sessing  that  quality  in  a  high  degree,  while  it  does  not  di- 
minish the  ductility  of  the  less  ductile  metals.^: 

Iron  is  profusely  distributed  throughout  nature.  It  en-  Iran. 
ters  eitiier  as  a  colouring  or  a  combining  principle  into  a 
great  number  of  mineral  substances ;  it  is  a  stranger  neither 
to  vegetables,  whose  tinte  it  enlivens,  nor  to  animals,  upon 
vrhom  ft  lexerts  a  salutary  influence.  As  an  insulated  sub- 
staBoe,  it  is  found  in  almost  every  part  of  the  ancient  conti- 
nent ;  it  is  however,  more  common,  or,  at  least,  accessible  to 
our  researches  in  the  north  temperate  zone,  particularly  to- 
wards the  northern  part  of  it. 

*  Werner,  Thterie  des  Filons,  cb.  riU  *  76. 
t  WaU,  Ostindien,  ii.  746.  (en  AH.) 

X  Rinmann,  History  of  Iron,  k  146,  p^.  493,  (in  Geman.)    Bergmann,  Opiiec. 
Pbff.  ii.  471. 
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BOOK        What  an  iimnenge  quantity  of  iron  is . contained  in  Hat 
^-      mountains  of  Scandinavia  alone !  The  mountain  of  Tab^, 
"         77  to  the  south  of  Sweden,  presents  only  one  entire  mass  of  tiiis 
cai  eztTot  mineral.    The  north  of  Asia  equally  abounds  in  iron ;  the 
of  iron.      imperfect  accounts  which  we  have  received  of  Canada,  and 
the  nortlicrn  parts  of  the  United  States,  inform  us  that  these 
regions  are  provided  with  excellent  iron,  though  copper  ap- 
pears to  predominate  there.      Southern  Africa^  it  would 
seem,  abounds  still  more  in  iron,  than  the  places  jast  men* 
tioned  do  in  copper.*    No  kind  of  rock  or  earth  is  a  stran- 
ger to  it.  It  is  found  in  granite  in  detached  masses,  in  schist, 
in  a  thread-like  form,  in  the  free-stone  in  beds ;  it  exists  in 
mud,  and  turf. 
Native  The  great  masses  of  native  iron,  found  in  Siberia  by  Fal- 

Iron,  Ij^^i  j^^  j  }|^  America  by  Rubin  de  Cilis,:^  have  been  for  a 
long  tin^e  considered  by  most  naturalists  as  productions  of 
art,  or  of  volcanic  agents.  Wallerius,  in  stating  that  na- 
tive irpn  is  found  upon  the  borders  of  Senegal,  has  merely 
copied  from  ancient  travellera,  whose  narratives  want  pre- 
cision. But,  it  is  an  undoubted  fact,  that  the  substances 
found  at  Kamsdorf  in  Saxony,$  and  at  OuUe  in  Dauphiny,|| 
are  actually  natural  productions ;  and  why  cannot  nature 
present  to  us  iron  in  its  pure  state,  since  it  ofifers  it  to  us  un- 
der the  form  of  very  hard  and  compact  steel  ?^  The  most 
ancient  iron  ore,  according  to  Werner,  is  that  of  magnetic 
iron,  which  Haiiy  calls  oxidulated  iron ;  it  is  to  a  Tariety  of 
this  ore  that  the  n^me  of  loadstone  has  been  given. 

We  shall  speak  elsewhere  of  the  phenomena  which  this 
substance  presents.  The  grey  or  specular  ore  of  irpn,  (the 
oligiste  iron  of  Paiiy,)  abounds  in  Sweden,  in  Norway^  in 

^  Cavazzi,  i.  83.     Thomann,  113. 

t  Berginnnn,   Sci&graphia,  Edit,  de  Delanietheric,  ii.  153.     Borne  de  Title. 
Cristallog.  iii.  167. 
"!(.  Annates  de  Chimie,  v.  p.  149. 

I  Brochant,  Min6ralogie,  \Ut\7. 

II  Schreiber,  Journal  de  Physique^  xiU  p.  3.  sqg, 

T  Godon  Saint-Mtnin,  .Toiirnal  de  Physique,  In.  340.  sqq. 
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tbe  Island  of  Elba,  at  Frambnt  in  Les  Yosges ;  it  is  the    book 
most  easy  to  woris  of  all  the  ores  of  iron.     Sparry  iron  ore       ^* 
is  only  a  carbonate  of  lime,  more  or  less  mixed  with  iron ;  — — " 
the  lime  with  which  the  ore  is  combined  facilitates  the  fu- 
sion.   The  iron  which  is  drawn  from  it  is  of  an  exceUent 
qaality,  and  it  has  a  very  great  tendency  to  pass  into  steel, 
e?en  in  the  first  fusion :  this  is  what  is  called  steel  ore.* 
A  iund  very  generally  distributed,  and  commonly  worked, 
is  that  of  oxidated  iron,  which  comprehends,  amongst  others, 
tbe  hematites,  the  ochres,  the  martial  geodes,  and  particu- 
larly the  iron  in  globules,  similar  to  peas  or  eggs.    The 
metal  obtained  from  oxide  of  iron  in  globular  masses,  some- 
times contains  a  certain  quantity  of  phosphoric  acid,  which 
renders  it  brittle  and  inductile ;  this  is  what  the  French  call 
/er  cassant  afroidf  and  we,  cold  short  iron. 

Snlphuret  of  iron,  which  is  commonly  named  martial  or  Soipburet 
feiTQginous  pyrites,  is  one  of  the  most  remarkable  substances  rufinous^'* 
which  enter  into  the  composition  of  the  globe.  It  is  very  py"t««* 
extensively  distributed,  being  found  in  quartz,  in  marl,  in 
the  ai^Uaceous  schist  which  lies  upon  coal,  and  it  is  even 
mixed  with  coal  itself.  In  the  greatest  depths  to  which  man 
has  ever  been  able  to  penetrate  in  the  most  considerable 
mines,  we  continue  to  observe  the  ferruginous  pyrites  until 
oor  progress  is  arrested  by  the  subterraneous  waters.f 
Th^e  is  auriferous  pyrites,  which  although  chiefly  consist- 
ing of  decomposed  sulphuret  of  iron,  is  worked  like  ore  of 
gold,  and  with  the  view  of  extracting  from  it  this  last  metal : 
Such  is  the  method  employed  in  the  gold  mines  of  Berezof 
in  Siberia,  of  Adelfors  in  Sweden,  and  others.  The  origin 
ofhsunatites,  and  ferruginous  ochres,  is  owing,  according 
to  the  opinion  of  the  majority  of  naturalists,  to  the  decom- 
]Kwition  of  sulphureted  iron,  the  remains  of  which  the  run- 
ning waters  have  carried  along  with  them ;  hence  they  are 
called  transported  minerals,  in  order  to  distinguish  them 
trom  other  minerals  which  seem  to  have  been  formed  in  the 

*  Haiiy,  ii.  180.  et  suiv.  p.  iv.  117  et  118. 
t  Henkel,  Pyptologie,  trad.  Franc,  p.  97. 
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BOOK    spot  where  they  are  found.    These  transported  ores  then 
^      are  of  recent  formation,  compared  with  the  others,  and  one 
can  easily  suppose  that  they  are  formed  every  day. 

Vitriol  of  Vitriol  of  iron  is  nothing  else  than  the  sulphate  of  iron, 
which  is  generally  procured  from  the  decomposition  of  sul- 
pbureted  iron.  Sulphate  of  iron,  or  vitriol,  is  of  great  ser- 
vice in  dyeing,  it  is  used  as  the  principle  of  black  coloar, 
from  the  property  which  gall  nuts  and  other  astringent  ve- 
getables possess,  of  precipitating  iron  contained  in  the  vi- 
triol under  the  form  of  black  particles  of  extreme  fineness. 

Emery.         Emery  is  an  oxide  of  iron,  intimately  united  with  the 
basis  of  alum,  and  with  silex.    This  substance  is  valuable  in 
tiie  arts,  on  account  of  its  great  hardness.    By  bruising  it 
in  steel  mills,  it  is  reduced  to  a  powder,  whose  sharp  and 
hard  particles  can,  by  the  application  of  friction,  ^ve  a 
polish  to    all  existing   substances,    except  the  diamond. 
*'  Iron»''  says  M.  Haiiy,*  **  such  as  nature  produces  it,  is 
very  different  from  that  whose  appearance  and  use  are  so 
fiuniliar  to  us.    It  is  nothing  but  an  earthy  mass,  a  dirtf 
and  impure  rust ;  and  even  when  iron  presents  itself  to 
us  in  the  mine  vtith  metallic  brightness,  it  is  still  very 
far  from  possessing  the  qualities  required  for  the  multi- 
plicity of  uses  to  which  it  can  be  applied.    While  man 
need  only  purify  gold,  he  must,  if  the  expression  be  allow- 
ed, create  iron."    This  metal  is  generally  susceptible  of 
three  different  states.     What  is  called  cast  or  pig  iron,  is 
the  metal  after  its  first  fusion,  deprived  of  a  more  or  less 
considerable  portion  of  its  oxygen,  and  combined  with  a 
part  of  the  carbon  with  which  it  came  in  contact  in  the  cast- 
ing furnace.     Cast  iron  is  not  yet  rendered  malleable ;  for 
It  is  peculiar  to  iron,  that  of  the  two  properties  of  fiisibilityy 
and  ductility  under  the  hammer,  it  can  possess  the  one  onlj 
at  liie  expense  of  the  other.    To  render  iron  ductile,  it  is 
again  submitted  to  the  action  of  a  furnace,  the  elevated 
temperature  of  which  determines,  by  a  new  exertion  of  af-^ 
finities^  the  oxygen  remaining  in  the  cast  iron  to  combine 

*  Hafa'y,  Mineral,  iv.  2. 
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wiih  the  carbon,  wbich  had  been  incorporated  with  the  iront    book 
and  thus  to  form  carbonic  acid»  which  constantly  disengages      ^ 
itself  from  the  mass.    Iron,  after  this  process,  is  found  in  — — 
&e  greatest  state  of  parity  to  which  art  can  bring  it :  It  is 
then  exposed  to  the  action  of  a  large  hammer,  whose  re- 
doubled strokes,  by  bringing  the  metallic  particles  into  clo- 
ser contact,  unite  them  more  perfectly  together,  and  render 
tbe  iron  ductile.    It  is  then  called  forged  iron.    In  this 
new  state  it  is  no  longer  fusible;  and  the  most  yiolent  heat 
of  our  furnaces  can  at  most  only  soften  it,  and  convert  it 
into  a  kind  of  paste.    Forged  iron  placed  in  contact  with 
carbonaceous  substances,  and  again  softened  by  the  action 
of  tbe  fire,  the  moment  it  enters  into  combination  with  these 
substances,  or  rather  with  the  carbon  which  they  contain,  is 
omyerted  into  steel. 

The  operation  of  tempering  which  steel  undergoes  does  Steel. 
not  change  its  nature,  it  only  varies  the  arrangement  and 
aggregation  of  its  particles :  it  augments  at  once  its  hard- 
ness, its  brittleness,  and  its  volume,  and  gives  it  a  coarser 
grain  than  that  of  steel  not  tempered."*^  Thus  the  difference 
between  cast  iron,  forged  iron,  and  steel,  depends  on  two 
princijdes,  namely,  oxygen  and  carbon :  their  union  consti- 
tutes east  iron;  the  absence  of  both,  at  least  in  a  percepti- 
ble quantity,  characterizes  forged  iron ;  and,  in  steel,  carbon 
oists  alone  without  oxygen. 

We  shall  say  nothing  of  the  use  of  iron  in  its  three  states ;  Qualities 
it  is  universally  known.  We  shall  only  observe,  that  the°  "^'^* 
tenacity  of  iron  is  such,  that  this  metal  reduced  into  a  wire 
of  aboot  %:!  millimetres,  or  ^V  ^  ^^  in^l^  tiiickness,  can  sup- 
p(n*t  without  breaking  a  weight  of  S 1 0.3  kilogrammes,  or  450 
French  pounds.  Iron  is  very  oxidable,  and  it  exerts  a  very 
strong  elective  aflfaiity  to  sulphur.  United  wi^  silex  and 
alumina,  it  imparts  an  extreme  hardness  to  the  rocks  which 
contain  it.  Thus,  there  is  no  metal  which  allows  itself  to  be 
80  easily  decomposed,  and  no  metal  forms  a  more  unalter- 

*  Vaoderroonde,  Monge  et  Berthellet,  Memoirs  de  TAcad^mie  des  Sciences, 
1781. 
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able  cement    Its  magnetic  virtue  readily  communicates  it- 
^      self  to  the  other  metals  with  which  it  is  mixed  ;  tvo  ^^  ^^^ 

^"^■~'  makes  copper  magnetic,  yl^  have  the  same  effect  upon  tin.* 
These  physical  qualities  prove  what  an  important  part  it 
must  have  acted  in  the  formation  of  those  aggregate  sub- 
stances which  compose  our  globe. 

Zinc.  Zinc,  which  forms  the  connecting  link  between  the  dac- 

tile  metals,  and  those  which  are  not  so,  is  found  oxidated, 
and  then  it  is  commonly  called  calamine,  or  lapis  calmina- 
ris.    There  are  mines  of  it  in  Alsace,  in  Normandy,  near 
Aix  la  Chapelle,  in  Brisgaw,  in  Carinthia,  in  the  county  of 
Somerset  in  England,  and  many  other  places.     Calamine^ 
according  to  Werner,  is  not  found  in  the  primitive  rocks. 
It  oftener  occurs  sulphurated,  and  then  the  vulgar  name  of 
it  is  Pseudo-galena,  or  blende.    This  mineral  is  scattered 
over  Sweden,  Norway,  Saxony,  and  Bohemia,  and  we  may 
say  almost  every  where.    It  generally  accompanies  galena, 
or  sulphuret  of  lead.    It  is  often  mixed  with  iron,  gold,  and 
silver.    The  sulphate  of  zinc,  which  is  rarely  a  product  of 
nature,  is  called  white  vitriol,  or  white  copperas.     Tbe 
metal  that  is  brought  from  India,  under  the  name  of  tutenag, 
is,  according  to  Bei^mann,t  ^^^^  '^^  &  state  of  purity.    If 
the  air  be  admitted  to  zinc  when  brought  almost  to  a  whiter 
the  metal  bums  with  a  splendour  which  nothing  can  equal, 
and  which  is  too  dazzling  for  the  eye  to  support^    This 
property  serves  to  characterize  zinc  not  only  amongst  tbe 
metals,  but  even  amongst  all  combustible  minerals. 

BioButiv  Bismuth,  from  its  great  fusibility,  is  used  for  various 
metals ;  it  is  found,  according  to  Werner,  only  in  the  pri- 
mitive mountains ;  it  occurs,  however,  attached  to  jasper. 
Of  all  the  minerals  easily  oxidable,  it  is  tbe  only  one  which 
is  found  more  frequently  in  a  metallic  form,  than  in  that  of 
an  ore  properly  so  called.$ 

*  Rinmann,  Histoire  du  Fer,  i.  p.  146.  (en  All.) 
t  BergmaoDy  G^g.  Phjr s.  i.  233. 
X  Macquer,  Dictionnaire  de  Chimie. 
^  Brongniart,  ii.  131. 
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Manganese  very  often  accompanies  mines  of  iron^  par-    book 
ticttlarly  in  the  secondary  mountains ;  it  is  a  colouring  prin-      ^ 
dple  very  extensively  distributed  in  nature ;  and  it  is  that      " 
which  gives  a  violet  hue  to  the  crystals  of  fluate  of  lime,  and  ^^^'*' 
to  a  number  of  the  schorls.    Mixed  in  a  small  quantity 
with  die  substance  of  white  glass»  it  has  the  property  of 
clariiyiDg  itf  and  of  freeing  it  from  false  colours. 

Antimony,  once  celebrated  in  the  laboratories  of  the  al-  Antimmy* 
chymists,  who  hoped  to  discover  in  it  the  philosopher's 
stone,  is  now  employed  with  success  in  the  composition  of 
Tarious  medicines,  in  the  casting  of  types  for  printing,  and 
as  an  alloy  with  tin,  to  form  what  is  named  prince's  metaL 
It  is  found  native  in  quartz  and  primitive  lime-stone ;  sul- 
phareted  or  grey  in  the  secondary  mountains,  and  often  also 
united  with  galena.  Capillary  antimony  often  contains 
silver,  and  has  been  called  plumose  silvery  antimonial  ore. 
The  crystallization  of  fused  antimony,  presents  a  stellular 
and  foliated  appearance.* 

Scheelin  was,  until  very  lately,  called  by  the  Swedish  name  Scheefio. 
Tongstene.    It  is  a  very  weighty  mineral,  obtained  finom  a 
feimginous  striated  substance,  known  under  the  German 
Bane  of  Wolfram.    It  is  principally  found  in  the  primitive 
mountains,  and  often  accompanies  tin. 

Uranium  is  a  metal  lately  discovered,  and  comprehends  Urauium. 
tiie  varieties  once  called  horned  copper  (cuivre  come,)  and 
peck-blende.    It  is,  according  to  Werner,  of  ancient  forma- 
tion. 

Tellurium,  another  metal    recently  observed,  is  found  TeUunum. 
diiefly  in  the  auriferous  mine  of  Nagyag  in  Transylvania, 
which  gives  from  45  to  170  ounces  of  silver  to  the  quintal, 
and  from  200  to  210  deniei-s  of  gold  to  the^marc  Tellurium 
is  attached  to  quartz  and  manganese ;  it  is  still  very  rare. 

Molybdenum  appears  to  be  of  ancient  formation — small  Moiybde- 
masses  of  it  are  found  in  granite,  in  several  places  of  Swe-°""' 
^en,  Norway,  Saxony,  and  Bohemia.! 

•  Hatfy,  iv.  259.  t  Steffeni,  1.  c,  158. 
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900K  AraeniCt  the  name  of  which  alone  excites  an  emotion  of  ter- 
^  roTf  is  not  often  found  by  itself ;  but  it  serves  to  min«*alize 
*  a  great  number  of  metals :  rubbed  or  warmed,  it  discoTers 
itself  by  the  smell  of  garlic,  which  it  emits.  In  its  native 
metallic  state,  it  is  of  a  steel-grey  colour*  It  is  the  oxide  of 
arsenic,  under  the  form  of  a  white  powder,  which  constitates 
one  of  the  most  violent  poisons.  That  which  is  met  with 
around  volcanoes,  is  mineralized  by  the  sulphur. 
Titanium.  Titanium,  another  metal  of  modem  discovery,  is  found 
in  a  state  of  red  oxide,  under  the  form  of  a  ferruginous 
stone,  and  united  with  silex  and  lime.  Of  all  the  new  mi- 
nerals, it  is  the  one  which  is  most  interesting  to  physical 
geography :  it  seems  to  occupy  the  same  place  in  relation 
to  iron  in  the  primordial  mountains,  that  manganese  holds 
in  those  of  secondary  formation.  All  the  iron  which  is  foand 
in  the  primitive  trapp  of  Norway,  particularly  near  Aren- 
dal,  is  more  or  less  combined  with  titanium."!^ 
Chront,  Chrome,  which  colours  tlie  emerald ;  tantalium,  which  is 
ituml^'  insoluble  in  acids ;  cerium,  discovered  like  the  preceding, 
Cerium,  by  Swedish  philosophers;  columbium,  pi*ociired  from  the 
United  States,  &c. ;  and  three  or  four  metals  which  are 
found  combined  with  platina,  have  not  yet  acquired  im- 
portance enough  to  claim  our  attention.  The  multiplicity^ 
however,  of  the  substances  which  chemistry  has  discovered, 
should  inqiire  us  with  a  salutary  distrust  of  systems  which 
tend  to  establish  general  analogies  between  bodies,  of  the 
very  number,  not  to  say  the  properties,  of  whicb^  our  know- 
ledge is  as  yet  so  vague  and  imperfect. 

*  Stcfiens,  1.  c.  158. 
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Continuatum  of  the  Theory  of  Geography.  Of  Aggregate 
Svbstances  which  compose  the  Solid  part  of  the  Globe* 
First  Fart :  Of  Bocks  and  Earths,  and  Volcanic  Produo- 
turns* 

We  have  already  considered  the  simple  substances  which 
c&ter  into  the  composition  of  our  globe ;  and  in  surveying 
them,  we  have  been  constantly  on  our  guard  against  the 
influence  of  systems^  which  pretend  to  determine  the  period 
and  manner  of  the  formation  of  these  substsmces.  This 
vas  not  an  arduous  task :  we  had  only  to  follow,  though 
with  very  different  views,  the  track  already  nuirked  out  by 
the  fath^  of  modem  mineralogy.  A  more  intricate  pa& 
iK>w  lies  before  us :  We  come  now  to  the  consideration  of 
the  masses  formed  by  the  aggregation  of  several  simple  sub* 
stances,  which  constitute  either  rocks  or  earths,  according 
as  they  are  found  in  a  state  of  hardness  or  softness.  There 
the  most  enlightened  guides  differ;  and  instead  of  shewing 
us  the  way,  they  have  to  seek  for  it  themselves,  amidst 
the  confusion  and  obscurity  arising  from  the  introduction 
of  general  terms,  before  general  ideas  had  been  accurately 
fixed. 

The  classification  of  rocks,  founded  solely  upon  the  che-  ciassifica. 
mical  and  geometrical  characters  of  the  simple  substances  lo^^b.^ 
of  which  they  are  composed,  overlooks  the  intermixture  and 
relative  position  of  these  masses,  that  is  to  say,  the  two  cha- 
racters under  which  physical  geography  ought  chiefly  to 
consider  them.  On  llie  other  hand,  geological  classifica- 
tion, though  formed  more  in  reference  to  these  two  points 

of  view,  are  infected  by  one  capital  error,  since  their  cha- 
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BOOK  racteristic  distinctions  are  derived  from  the  or^n  of  rocks. 
^^  This  is  unquestionably  talcing  for  granted  the  very  point 
"""""*  to  be  proved.  To  facilitate  such  a  method  of  systematizing, 
iSftcts  are  assumed,  the  demonstration  of  which  ought  to 
form  the  boundary  of  tlie  science.  Accordingly^  the  differ- 
ent aspects  under  which  these  facts  have  been  viewed,  have 
given  rise  to  as  many  different  forms  of  phraseology,  as 
tiiere  have  been  celebrated  geologists*  Basalt,  for  example, 
ranged  by  some  among  the  trapps,  a  species  resembling  the 
primitive  rocks,  is  placed  by  others  at  the  head  of  lavas, 
or  substances  ejected  by  volcanos.  In  the  present  day 
especially,  when  the  observations  of  Werner  and  Cuvier, 
compared  with  the  discoveries  of  Davy  and  the  experi- 
ments of  Hall,  have  given  us  a  glimpse  of  a  theory  of  the 
earth,  much  more  scientific  and  more  comprehensive  than 
the  unwieldy  systems  of  the  Neptunists  and  Yulcanists,  it 
is  an  indispensable  prerequisite  to  »  methodical  description  j 
of  aggregate  substances,  to  discover  some  principle  inde- 
pendent of  any  system  that  has  been  founded  on  opinions 
entertained  as  to  the  origin  of  these  substances.  This  prin- 
Principie  clplo  appears  to  be  found  in  considering  these  substances 
ofciaMifi-  ^  ^  ijj^  mode  of  their  aggregation,  provided  that  we  con- 
fine ourselves  to  the  formation  of  extensive  classes,  and  do 
not  require  more  narrow  limits  than  those  which  actaally 
exist  in  nature.  It  would  seem  that  nature  has  placed  at 
wide  distances  land-marks,  which  serve  to  direct  our  course; 
but  that  in  the  intervals  between  these  land-mariu,  she  has 
left  to  our  choice  a  variety  of  paths,  all  of  them  equally 
good.  According  to  this  principle,  we  think  that  physical 
geography  should  classify  aggregate  substances  in  the  fol- 
lowing manner : 

A.  Agoreoatk  Substances,  properly  so  calUd^  (united  according  to  genua! 
laws,  chemical  or  physical.) 

1.  CryftalHted  Rocks,  or  such  as  indicate  a  crystallised  texture. 
(Granite,  primitive  schist,  primitive  calcareous  porphyry.) 

2.  Conglobated  Rocks,  or  such  as  present  an  union  of  fragments  oi 
crystallised  roclcs,  conglutinated  by  a  crystallized  cement.  (Pn* 
initive  pudding  stones,  amygdaloids.) 
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3.  SiraHfiid  Rodu^  or  such  as  exhibit  a  contexture  similar  to  that  of    BOOK 
a  sediment,  which  had  deposited  itself  in  layers.    (Limestone  com-       ^I* 
posed  of  shells,  free-stone,  (gris,)  jasper,  &c.)  .^-_« 

N*B.   Stratified  substances  in  their  state  of  softness,  are  called 
tirmUfUd  eariht,    (Clay,  marl,  &c.) 

4.  CongUmuraied  Roekt^  or  such  as  present  a  mixture  of  fragments  of 
cfystallized  and  stratified  rocks,  united  by  a  stratified  cement.  (Va- 
riegated marbles  and  secondary  pudding-stones.) 

5»  Coaguiattd  Rockty  or  those  presenting  the  appearance  of  melted 
matter,  which  had  been  coagulated  or  congealed.  (Basalts  of  Wer- 
ner, compact  lava,  lithoVdes  lava  of  Dolomieu,  Haijy,  Faujas,  &c.) 

B.  AssociATSD  SuBSTAircKa,  (united  according  to  mechanical  laws,  or  ac- 

cording to  chemical  or  physical  laws,  special  and  accidental.) 

6.  Earihy  AetumukUionB^  or  rocks  and  earths  which  exhibit  only  an 
association  purely  mechanical,  of  parts  accumulated  one  upon  an- 
other. (Calcareous  tufa,  &c.  coloured  marbles,  united  by  a  cement 
of  tufa,  clay  deposited  by  water,  and  otherwise,  (argile  d^alluvion  ei 
4t  irantporl^)  peat,  &c.) 

7.  Folcanie  Produeli§nSf  or  substances  thrown  out  by  volcanic  fire, 
through  the  openings  and  crevices  of  the  solid  surface  of  the  globe. 
(Vitreous  lavas,  volcanic  cinders,  scorie,  pumice  stones.) 

i.  BoUdetf  or  masses  precipitated  from  the  atmosphere. 

C.  SvBSTAVCES  Intercalary  or  Advehtitiovs,  (those  which  are  foreign 

to  the  aggregations  and  associations  of  mineral  substances.^ 
9.  Remains  of  Organic  Bodies^  vegetables  and  animals  ;  (a)  petrifac- 
tions ;  (6)  impressions ;  (e)  remains  in  a  natural  state. 

Let  as  rapidly  survey  the  vast  laboratory  where  nature 
works  these  wonderful  combinations,  of  which  we  have  been 
pointing  out  the  most  striking  and  accessible. 

Crystallized  rocks  appear  to  have  been  formed  by  the  si-  Crystaiiiz- 
nmlbineous  crystallization  of  several  simple  substances  in  a^^  '^^^'' 
state  of  chemical  solution,  and  united,  according  to  their  affi- 
nities, so  as  to  form  an  homogeneous  whole.  They  have  a 
Snnulated  texture,  which  loses  itself  in  the  dull  clammy 
or  compact  texture,  on  the  one  side,  and  in  the  lamellated, 
on  the  other. 

The  rocks  which  occupy  the  summit  of  the  scale  of  crys- 
Ulization^  are  incontestably  those  which  have  for  their 

voi.  I.  16 
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BOOK  base,  quartz,  mica,  and  feldspar,  and  are  distingaished  by 
^'*  the  name  of  granite*  Sometimes  a  fourth  substance,  am- 
phibolef  called  also  primitive  trapp,  or  greenstone,  is  mixed 
ivith  it,  or  replaces  the  mica,  or  the  quartz.  Granite 
has  even  been  found  mixed  with  a  little  liine;  but  it  is  al- 
ways siliceous  substances,  especially  feldspar,  which  pre- 
dominate in  its  composition.  The  agreeable  variety  of  co- 
lours which  the  feldspar  reflects,  the  lustre  of  the  mica,  the 
whiteness  of  the  quartz,  the  sombre  green  of  the  amphibole, 
often  impart  to  granite  the  most  mag^nificent  appearance, 
especially  when  polishing  has  developed  their  natural  shades; 
thus  tlie  eye  contemplates  with  delight  the  rose-granite  of 
Egypt,  composed  of  feldspar  and  mica  ;*  the  antique  te- 
saUf  or  black  granite,  in  which  the  amphibole  conceals  the 
o  "ranite  transparent  laminse  of  the  feldspar  ;t  the  arhicidar  grmk 
*  of  Corn,  formed  by  a  singular  species  of  crystallization, 
which  has  united  in  one  mass  of  white  feldspar,  and  of 
amphibole  of  a  blackish  green,  distinct  balls  of  the  same 
substance  ;\  lastly,  the  graphic  graniie  of  Siberia  and 
Scotland,  the  elements  of  which,  disposed  in  broken  lines, 
suggest  the  idea  of  Hebrew  or  Runic  characters.^  6ra- 
nite  appears  to  be  the  most  ancient  of  the  rocks,  and  to 
constitute  the  base  of  the  primitive  earth.  It  is  not  im- 
probable, that  it  forms  an  immenl^e  vault  around  the  globe; 
we  know,  at  least,  that  granite  is  every  where  found  be- 
neath all  the  other  rocks,  and  that  of  tbe  highest  moan- 
tains  in  the  principal  chains  of  the  world,  it  is  granite 
which  constitutes  the  foundations  and  the  mass.  The 
crystallization,  which  has  united  the  substances  of  granite, 
must  have  occasionally  met  with  one  or  other  of  them  in 
excess ;  it  has  accordingly  formed  feldspart  micaceouSf  and 
Quartse-  quart»eou8  rocks.  These  are  rarely  found  pure.  There 
out  rocks,  appears,  however,  to  have  been  a  very  peculiar  formation 

*  Dolomieu,  Journal  de  Physique,  Ventose,  an  ii.  tome  i«  p.  196. 

t  Id.  ibid.  Septcrabrc  1792,  p.  3. 

I  Faujas  Saint-Fond,  Essais  de  Gfelogie,  ii.  182. 

^  Patrio.  Hist.  Natur.  des  Miner,  i.  101,  Faujas,  1.  c. 
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of  pure  quartz ;  strong  veins  of  it  are  seen  traversing  even    book 
die  granite  mountainsj  and  the  vast  vrall  of  quartz  upon      ^'* 
tbemoantain  of  Felsberg,  near  Manheim,  excites  the  won- 
der  of  the  naturalistic    But  to  the  admiration  of  these 
phenomeBa  succeeds  the  spirit  of  disputes,  classifications» 
aad  oomendatnres.    It  is  often  impossible  to  discover  the 
fftctg  in  file  midst  of  the  geological  discussion  to  which 
Hicy  have  given  rise.    The  rock  which  most  nearly  re- 
lenUes  the  granite,  unites  to  the  granulated  structure  of 
tte  latter  an  arrangement  of  parts,  which  gives  it  a  foliated 
appearance;  the  quartz  and  feldspar  are  found  there  in 
gruBs,  but  the  mica  forms  bands,  or  very  thin  layers,  in 
vhich  the  two  i)ther  substances  are  contained.    This  is  the 
meaceoui  rod:  of  Haiiy,  the  gneiss  of  Werner,  and  the  fo-  Micaceous 
Btted  rock  of  Sausaure^f  but  frequently  taJc,  or  even  ar-Q^Jj^, 
gilf  su^ilies  the  (dace  of  mica  in  these  foliated  rocks,  a 
muinstance  occasioning  continual  mistakes.    There  are 
90Be  mineralogists  who  give  to  the  name  of  gneiss,  an  ex- 
teosion  which  renders  all  definition  impossible. 

The  nucaeeous  schists  are  rocks  wliicfa  occur  in  great  Micaceous 
ianins,  composed  of  quartz  and  mica.  It  appears  that^^^^'*^* 
precede  by  imperceptible  gradations  from  the  granu- 
lated t^dure  of  granites,  and  that  they  become  more  and 
Bore  mixed  with  alumina  or  argillaceous  earth,  an  earth,  the 
presence  of  whidi  seems  to  prevent  crystallization  from 
taking  place. 

The  argiUaceous  schistSf  in  which  alumina  or  argilla- Argilla- 
ceous earth  predooninates  over  the  silex,  occurs  in  the  form  "^"^J, 
oT  large  unbroken  laminse ;  a  circumstance  which  consti- 
tutes what  we  call  tlie  schisteous  structure.    These  imper- 
ccptiUe  transitions  from  one  kind  of  aggregation  to  ano- 
ther, render  all  classifications  uncertain.    No  one  has  yet 
ken  able  precisely  to  determine  the  four  or  five  kinds  of  ^^ 
Yockfi,  to  which  the  names  of  homy  schists  and  of  wacke^  schists. 

•  Faujas,  1.  c.  p.  94. 

t  Saussare,  Voyages,  (  1359,  1679,  &c,    Haiiy  Min^ralogie,  iv.  432. 
t  Comp.  Delamaherie,  Th^orie  de  la  Terre,  ii.  ip,  337—380.    Werner,  cit^ 
P*r  SauMure,  Voyages,  (  1304. 
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BOOK    arc  given  ;  they  are  merely  combinations  of  silex  and 
*'*     alumina,  with  a  little  lime  and  iron.    The  horny  texture 

■"■"■"^"^  is  found  in  part  in  certain  rocks,  composed  as  it  were  of  a 
paste,  in  which  masses  of  a  more  perfect  crystallization  are 

Porphyry,  imbedded.  These  are  the  parphyrieB,  rocks  which  baffle 
more  than  any  other  kind  the  zeal  of  classifiers.*  Some* 
times  it  is  the  paste  which  is  not  homogenous^  and  some- 
times the  imbedded  crystals  which  constitute  the  species  or 
the  variety.  The  porphyries,  properly  so  called,  are  masses 
of  imbedded  felspar,  coloured  by  a  metallic  oxide^  and  con- 
taining crystals  of  the  same  kind.  Such  is  the  superb  rd 
antique  porphyryf  originally  from  Egypt,  and  of  whick 
only  imperfect  varieties  are  to  be  found  in  Europe.  Soch 
is  still  the  ophiteSf  or  9urpentine  antique  porpkifryf  al- 
though chequered  with  plates  of  amphibole;  a  substance 
which  abounds  more  and  more  in  black  porphyries.  All 
the  real  porphyries  commonly  found  in  the  vicinity  of 
granite,  are  distinguished  from  it  only  by  that  pasty  sob- 
stance  which  serves  as  their  base ;  but  they  differ  also  from 
pudding  stoneSf  or  conglobated  rocks,  by  the  perfect  crys- 
tallization of  this  paste  or  cementf  One  may  easily  con- 
ceive how  difficult  it  is  to  fix  the  innumerable  shades  which 
occur  in  the  crystallization  of  these  rocks ;  it  is  this  which 

Porpbjrroi-iias  led  geologists  to  create  a  class  of  porphifraidal  rodss. 
The  disorder,  or  rather  the  capricious  order,  according  to 
which  the  particles  of  these  rocks  have  crystallized,  some- 1 
times  occasions  the  most  brilliant  and  fanciful  appearances. 
Who  would  not  admire  the  orbicular  parphfry  of  Corsica^ 
which,  on  being  polished,  displays  circles  composed  of  littls 
yellowish  red  leaves,  arranged  in  rays  around  a  reddisli 
brown  kernel,  and  which  presents  to  the  eye  a  transversa 
section  of  some  unknown  and  delicious  fruit  ? 

Tjapp.  Trapp$  is  composed  nearly  of  the  same  substances  alj 

*  Comp.  Haiiy,  iv.  435.     Faujas  St.-Fond,  Essai|  ii«  405,  &c. 
t  Saussure,  Voyages,  (  149,  tqq, 

f  Faujas  St.-Fond,  Essais  de  G^logie,  ii.  245,  and  plancbe  xx.  bis. 
f  A  name  derived  from  the  Swedish  irapp,  a  stair  or  ladder.    Saxvm  tranezi- 
um^  Waller,  sp.  220. 
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porphjny.    They  are  united  in  the  same  proportions,  only    book 
the  iron  aboimds  more  in  trapp;  but  this  arrangement  in      ^'* 
small  grains,  united  sometimes  by  a  cement,  does  not  pre-  — — 
sent  the  shining  crystallization  of  granite  and  porphyry ."i^ 
Trapp  rocks  have  a  tendency  to  separate  and  subdivide 
into  rhomboidal  firagments,  resembling  the  steps  of  a  stair- 
case, which  often  gives  them  the  appearance  of  rocks  called 
kt$dU  by  the  modems.    The  celebrated  Werner,  indeed, 
considers  these  two  kinds  of  rocks  as  the  same,  and  com- 
prehends them  under  the  name  of  primitive  trapp  ;   an 
(pillion  which,  at  present^  seems  to  be  received  only  in  the 
school  of  that  mineralogist 

The  rocks  of  petrosikx  and  of  jadCf  as  well  as  that  com-  Petrosiiex, 
posed  of  amphibole  and  mica,  which  Werner  names  ^Tiiii-j*^*^'^*^* 
ikift,  that  is,  greenstone,  forms  small  varieties,  resembling 
trapps  and  porphyries  in  their  relative  positions,  although 
tbe  amphibole  rock,  amongst  others,  often  has  the  crystal- 
fized  texture  of  granite.  Of  all  the  elementary  earths,  the 
calcareous,  and,  next  to  it  the  magnesian,  have  the  least  con- 
tributed to  form  crystallized  rocks. 

The  primitive  limeatonef  or  that  in  which  there  is  not  a  Primitivo 
▼wtige  of  animal  remains,  is  not  very  extensively  distri-  ^*™®**®°*'' 
kited;  it  is  rarely  found  amongst  the  foliated  granites,  and 
the  micaceous  schists.;  the  calcareous  banks,  in  the  argilla- 
oeoos  schists,  have  a  texture  less  perfectly  granulated,  and 
present  a  compact  or  lamellated  fracture-f  It  is  amongst 
the  stratified  rocks  that  chalk  shevrs  itself  in  abundance ;  it 
u  at  the  head  of  these  aggregations,  as  granite  is  at  the  head 
of  rocks  purely  crystallized. 

Magnesian  earth  appears  to  predominate  in  the  talc  rocks,  Magnesian 
whedier  compact  or  schistous,  in  the  serpentine,  the  oUair  ^^^' 
or  jwtstone,  steatites f  or  soap  rocks,  and  some  other  aggre- 
gations, which,  in  truth,  often  occur  in  the  primordial 
Bonntuns ;  but  which  form  in  general  only  small  subordi- 
nate masses.    There  are  rocks  of  serpentine,  however, 

*  Saussure,  Veyages,  4  145. 

t  Werner,  ciU  par  Steffeni,  1,  c.  21. 
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BOOK  which  rise  to  a  veiy  great  height"!^  May  we  not  imagine 
^<*      that  the  alcaline  particles,  existing  in  feldspar^  one  of  tiie 

elements  of  granite,  may  be  separated  from  it  to  form  a 

series  of  insulated  rocks  ?  It  it  at  least  Tery  remarkable, 
that  magnesian  earth  seems  in  a  manner  to  arrest  the  pro- 
gress of  pure  crystallization,  and  to  disappear  with  the  pri- 
mordial rocks,  not  to '  shew  itself  again  either  in  stmtificd 
mountains,  or  in  accumulations,  but  only  in  the  waters  of 
the  ocean.  We  ought  to  pause  a  little  to  consider  these 
crystallized  aggregations,  which  seem  to  have  preceded  the 
birth  of  our  mountains,  of  which  they  form  the  most  solid 
part  We  leave,  however,  to  the  naturalists  by  profession, 
the  task  of  classifying  the  innumerable  modifications^ of  ag- 

Congiobat-  gregate  substances,  which  we  have  named  conglobated 
rocks.  We  may  conceive,  tliat  the  circuit  of  the  globes 
scarcely  consolidated  in  the  bosom  of  primitive  chaos,  most 
soon  after  its  formation  have  begun  to  waste  away.  The 
action  of  dilTerent  elements,  probably  the  rapid  alternations 
from  excessive  heat  to  intense  cold,  and  even  the  very 
weight  of  the  masses  themselves,  bnt  recently  crystallized, 
could  not  fail  to  produce  explosions  and  dowfifalls,  and 
consequently  fragments,  which,  in  renniting  by  means  of 
the  crystallization  of  the  fluid  substances  which  surrounded 
them,  have  given  birth  to  some  of  the  rocks  termed  ts- 
riegated  niarbles  and  pudding  stones*  These  tocks  differ 
from  porphyries,  in  this,  that  they  are  composed  of  frag- 
ments of  other  masses  already  crystallis^ed,  while  por|Aiyry 
consists  of  crystals  which  have  been  formed  in  the  mid^  of 
the  cement  which  unites  them  ;f  hence  the  cement  of  por- 
phyry should  be  designated  only  under  the  name  of  basis. 
The  conglobated  rocks  differ  from  the  flint,  {gris)  in  as 
much  as  they  contain  larger  grains,  ot*  do  not  present  re- 
gular homogeneous  beds,  or  a  foliated  structurre. 

Br^he,  or      Custom  appears  to  have  appropriated  the  word  BriAet 

malbfes?^  borrowed  from  the  Italian,  to  aggregations  of  fragments  of 

*  Saussure,  Voyagei,  4  19.    Faujat,  Ettais,  ii. 
"f  Saussure,  Voyages,  ♦  149. 
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calcareous  rock,  while  the  tcpin  pudding  stone,  for  which    book 
the  noro  claasical  appellation  aUatoides^  may  be  substitut-      x»- 
cd,*  appeara  to  be  reserved  for  rocks  formed  by  the  re- 


union of  a  great  number  of  small  Jlinta.l    It  would  be  bet-  Puddiog 
ter  to  call  "  Briches'*  the  aggregations  of  angular  fragments,  **°"*- 
and  «« padding  stone,'*  those  of  rounded  fragments,  which 
probably  have  been  rolled   along  by   the   waters4    The 
etymology  even  of  the  term  in  Italian,  Breccia,  borrowed 
from  the  Goths  or  Lombards,$  indicates  a  violent  bursting. 
We  may  easily  imagine,  that  these  assemblages  would 
vary  in  a  thousand  ways,  either  with  respect  to  the  nature  of 
the  reunited  fragments,  or  of  the  cement  which  unites  them.^ 
Of  all  the  substances,  however,  which   serve   to  congluti- 
nate  the  fragments  of  primitive  rocks,  it  is  quartz,  or  sili- 
ceous earth,  which  is  most  abundant,  and  of  most  frequent 
occurrence.    This  element,  which  appears  coexistent  with 
our  globe*  may  be  considered  as  the  source  of  ,,all  crystal- 
li»ed  formation.    Sometimes  the   breches,  in   their  turn, 
bare  been  reduced  to  fragments,  which,  agglutinated  by  a 
»ew  cement,  have  produced  breches  composed  anew,  which 
have  been  called  doMe  breches.    We  place  next  to  these 
brtches,  and  among  the  conglobated  rocks,  those  which  tlie 
BataralistB  have  called  ^mygdalaideSf  from  their  similarity  Amygda- 
to  almonds  imbedded  in   paste.    The   amygdaloides    are  °*  *^'' 
composed  of  any  paste  whatever*  in  which  are  found  knots 
or  glands  of  the  same  substance,  or  of  another.    The  whole 
is  united  by  a  confused  crystallization ;  sometimes  the  spaces 
occupied  by  the  knots,  are  found   empty,  the  substance 
^ch  once  filled   them  having  been  destroyed  by  an  un- 
known cause ;  this  makes  the  amygdaloi'de  resemble  porous 
lara.    It  is  extremely  diiBcult  to  distinguish  the  amygda- 
loides from  certain  varieties  of   poqihyry.    Without  in- 
ToWing  ourselves  in  discussions  to  which  the  formation  of 

*  D«  root  Grec  «AA«f}  eenitif  «AA«^«f.    (The  genitive  of  aixx«f  is  Ahkn^ofj  T.) 

poudmgue. 

+  Sautsure,  \  197.     Rom6  de  lisle,  Cristallographie,  ii.  573. 

\  Delameiherie,  TMorie,  «  531.    Comp.  Haiiy,  iv.  463. 

!  Da  verbe  Breehen^  Allem.     Brekk^,  Dan.  hriier^  rompre,  French. 
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BOOK    conglobated  beds  has  given  rise,  let  us  proceed  to  the  exa- 

^^*     mination  of  stratified  rocks.    In  order  to  shew  how  Tague 

are  the  limits  between  the  productions  of  pure  crystalliza- 

Stratified    tiou  and  those  of  stratification,  let  us  be  pennitCed  to  have 

'^^^^       recourse  for  a  moment  to  an  hypothesis  borrowed  from 

chemistry. 

The  elements  of  which  the  rocks  are  formed,  were  un- 
doubtedly once  in  a  fluid  state;  this  condition  is  necessary 
to  render  tlie  aggregation  of  so  many  different  substances 
possible.  But  the  state  of  solution  in  which  these  sab- 
stances  existed,  presented  two  modifications. 
Chemical  Chemical  solution  difiers  essentially  from  medanieal  so- 
chankai  lutUm  ,*  the  latter  exists  when  the  integral  particles  of  a 
solution.  |||)|]y  ^jp^  separated  one  from  the  other,  and  suspended  in  a 
fluid ;  on  being  deposited  according  to  their  specific  gravi- 
ty, they  form  a  sediment;  on  the  contrary,  by  chemical 
solution,  the  integral  particles  are  not  only  separated  from 
one  anotlier,  but  are  combined  with  the  solvents ;  and  in 
uniting,  according  to  a  new  development  of  aflBlnities,  inde- 
]iendently  of  their  specific  gravity,  they  afford  a  precipitate. 
Every  crystallized  substance  is  formed  by  chemical  sola- 
tion,  and  by  precipitation ;  this  character  belongs,  in  the 
whole  force  of  the  term,  to  primordial  rocks;  but  we  have 
seen  bow  crystallization  lost  by  deg^rees  its  simplicity,  and, 
if  we  may  use  the  expression,  its  primitive  enef|Qr.  We 
have  also  seen  how  the  crystallized  texture  has  been  succeed- 
ed by  the  foliated  and  the  compact  structure,  which,  in  be- 
coming  larger  and  larger,  seems  to  indicate  a  regular  scale 
of  chemical  precipitations,  gradually  approaching  to  the  na- 
ture of  mechanical  sediments.  There  can  be  no  doubly  that 
the  most  immense  of  all  fluids,  the  ocean,  sufiered  a  gradual 
decrease  of  its  waters ;  the  primordial  mountains  first  rear- 
ed their  summits,  then  the  earth  began  to  swell  up  out  of  its 
chaotic  state.  Organic  beings  were  then  in  existence;  these 
were  marine  animals.  The  chemical  precipitation  continu- 
ed, but,  at  the  same  time,  the  first  mechanical  sediments  be- 
gan to  be  deposited ;  the  two  precipitates  were  mixed,  some- 
tiroes  in  great  confusion,  together. 
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Unis  arose  the  roda  of  tranriHon,  which  are  found  on    book 
the  aides  of  the  primordial  mountainsy  and  sometimes  at      ^^ 
their  base,  in  which  we  observe  the  first  animal  remains. 
The  waters  having  gradually  subsided,  the  globe  from  a  transition. 
diapeless  chaos,  takes  the  appearance  of  one  vast  sea»  from 
\rhich  there  arose  on  all  sides,  the  primordial  mountains, 
flanked  by  rocks  of  transition. 

This  is  the  Neptunian  age,  the  second  geological  era. 
The  sediments  of  the  mechanical  solutions  alternated  with 
the  chemical  precipitations;  the  solvent  having  gradually 
lost  its  original  power,  chemical  action  insensibly  gave  way 
to  that  which  was  purely  mechanical.  This  Neptunian  age 
me  birth  to  stratified  mountains  and  rocks,  understandinir  s<r^<ifi«d 

?    XI.  J    ^     ^  .    J     1. »  \    ,  r*«  .    Structure. 

by  the  word  stratum  a  bed  of  homogenous  substance.  This 
term,  borrowed  fi^m  the  Latin,  is  not  then  precisely  sy- 
nonymous with  bed  or  layer ;  a  stratum  differs  still  more 
from  a  lamina  or  platef  terms  made  use  of  in  speaking  of 
the  texture,  that  the  substance  of  certain  rocks  present,  even 
in  their  minutest  fragments. 

The  hypothesis  we  have  just  now  traced,  exhibits  the 
dificulties  which  geologists  have  met  with  in  their  attempts 
to  classify  stratiform  rocks.    In  the  calcareous  rocks  espe-  Stratified 
cially,  tiie  compact  structure  and  the  stratified  are  blended  roc^r^" 
together  by  innumerable  shades.    Even  in  the  same  rocks, 
and  notwithstanding  its  being  completely  homogeneous, 
we  find  the  upper  part  containing  petrifactions  belonging 
to  marine  animals,  while  the  lower  beds  are  entirely  free 
from  them ;  but  amongst  the  decidedly  stratified  rocks,  we 
dioald  place  nearly  all  the  aggregates  of  sulphate  and  car- 
bonate of  lime,  known  under  the  name  of  Ume^stone;  then 
the  secondary  marbles,  which  owe  their  earthy  fracture  to 
Itfge  quantities  of  argil,  and  their  colours  so  agreeably  va- 
ried to  the  presence  of  oxide  of  iron ;  ruifiiform  marble.  Marbles 
which,  according  to  Dolomieu,  was  a  calcareous  argillaceous  edy'gheiiy^ 
stone^  uniformly  coloured,  but  while  drying  cracked  into  ^• 
&8ures ;  and  these,  filled  by  the  transuding  of  the  calca- 
i^eoos  matter^  have  formed  the  appearances  of  ruins  and 
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Iftiidflcapes,  which  are  so  much  admired  ;*  lastly,  tiie  shdhj 
"*      marble^  composed  of  an  infinity  of  small  shells  united  by  a 

""^■"~  calcareous  cement  The  fcetid  sUmCf  or  staine  sUme^  which 
in  Norway  forms  of  4tself  a  little  island*  is  only  carbonate 
of  lime,  penetrated  by  bitumen.  Calcareous  substances  pre- 
dominate in  tlie  stratified  rocks ;  tlie  capital  of  France,  with 
its  palaces  and  temples,  is  built  of  calcareous  stone,  almost 
entirely  composed  of  two  kinds  of  shells :  the  cerites,  (cyri- 
thiumf)  which  forms  the  upper  masses,  and  the  mlliolites, 
(miliola,)  which  abounds  in  the  deepest  beds.f  These  rocks 
readily  indicate  the  rank  which  belongs  to  them ;  but  what 
rank  can  be  assigned  to  the  calcareous  stone  which  presents 

ChaUu  itself  under  the  form  of  chalky  and  which  occupies  such  vast 
belts  throughout  the  globe  I  From  its  purity,  it  is  almost  a 
simple  substance,  containing  only  lime,  carbonic  acid,  and 
phosphoric  acid.  From  the  small  number  of  marine  ani- 
mals which  it  immediatdy  contains,  it  resembles  die  primi- 
tive  rocks  from  which  its  earthy  consistence,  destitute  of 
the  least  appearance  of  crystallization,  seems  to  keep  it 
perfectly  distinct ;  finally,  the  layers  of  large  flint  so  fre- 
quently met  with  amongst  beds  of  chalk,  clearly  indicate 
that  they  have  been  formed  by  deposit,  and  these  beds  in- 
close a  great  many  marine  animals  of  species  which  no  lon- 
ger exist:^  It  appears  that  the  chalky  state  of  the  calca- 
reous matter  is  owing  to  some  particular  causes,  to  investi- 
gate which  is  the  province  of  chemistry. 

Argiie  or       Aluminous  earth  enters  into  a  great  number  of  stratified 

^  ^^'  substances ;  clay,  which  occupies  great  spaces  on  our  globe, 
is  properly  a  mixture  of  silex  and  alumina,  modified  by  the 
accidental  presence  of  magnesia,  iron,  and  other  substances. 
Clay  is  found  in  mounds  and  in  rocks  ;  it  seems  natural  to 
us  to  suppose  in  general,  that  these  last  may  be  formed  by 
the  hardening,  or  rather  by  the  confused  crystallization  of 
argillaceous  earths,  mixed  sometimes  with  grains  of  quartz. 

*  Dolomieu,  Journal  de  Physique,  Octobre  1793,  p.  285,  et  suiT. 
t  Lamarck,  Memoires  sur  les  Fossiles  des  Environs  do  Paris.    AnmU^^ 
Muihjtm  d'Hitt,  J^alur, 

X  Comp.  Brongniart,  Trait^  He  Min6ra1ogie,'i.  208^210. 
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Bot  argillaceous  earths  may  be  formed  also  bj  the  decom-    IMtK 
position  of  rocks ;  such  would  be«  according  to  Werner»  the     "* 
origin  of  potters'  earth,  which  he  places  among  the  ternary  — — ^ 
earths  or  those  of  alluvion.   All  argillaceous  soils  have,  with- 
out doubts  often  changed  their  situation,  their  layers  glid- 
ing easily  one  over  another }  their  principal  situation,  how- 
eter,  is  in  the  secondary  rocks ;  they  are  found  alternately 
with  the  free-stone,  sand,  and  shell  limestone* 

Lithomargo,  distinguished  by  its  feeling  greasy,  and  ad- 
hering to  the  tongue,  by  the  fineness  of  its  grain,  and  by  its 
fisibility  into  a  spungy  mass,  is  the  only  clay  which  lii 
found  in  the  clefts  of  rocks  in  primitive  formations.  This  is 
the  substance  to  which  several  nations  of  America,  AMca^ 
and  Siberia,  have  recourse  to  appease  their  hunger,  or 
rather  to  beguile  for  a  moment  the  cravings  of  their  diges*. 
ttve  organs*"!^  Amongst  the  other  kinds  of  clay,  we  distin- 
guish for  their  utility  those  employed  in  tte  operations  of 
the  potter  and  the  fuller,  the  different  boles  and  ochres  $  the 
slate,  which  is  of  such  service  in  roofing  houses,  and  which  siate. 
is  only  indurated  clay,  in  the  form  of  schist  or  in  laminn. 
Shite,  which  is  discovered  in  great  blocks,  has  so  foliated  a 
texture^  that  the  workman  needs  not  exert  any  attention  to 
catch  the  joints  of  its  laminie ;  wherever  he  places  his  chis- 
ael,  he  is  sure  of  hitting  a  division.  A  quality  common  to 
all<lay,  is  that  of  furnishing  subterraneous  reservoirs  to 
fountains  and  springs ;  the  best  water  is  always  found  in 
argillaceous  soils. 

Fermenting  day  foi*ms  an  exception ;  as  it  is  mixed  with  Ferment- 
quartz  sand  reduced  to  fine  powder.  It  imbibes  water,  swells  *"*5  ci*y* 
up,  and  raises  with  great  force  houses,  masses  of  rock,  and 
whole  fields;  when  the  clay  is  dried,  they  sink  down  to  their 
first  level.  The  consequences  of  these  unlooked-for  throbs 
and  heavings  of  the  soil  are  very  formidable  in  Sweden,  and 
in  Bussia,  especially  when  the  clay  in  swelling  happens  to 
freeze  at  the  same  time.f    Such  devastations,  arising  from 

*  Humboldt,   Tableaax  de  la  Nature,  ii.  191.    Georgi,  Description  de  la 
Kussie,  iii.  202,  $qq, 
>  Waller,  Mineralogie,  i.  p.  34.     Georgi,  Russie,  iii.  201. 
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BOOK    a  canse  apparently  so  weak,  will  assist  us  in  conceiving  of 
^^*      flie  revolutions  which  similar  fermentations  probably  ac- 

■""""""  complished  at  the  epoch  when  mountains  were  formed. 

MarL  Mirl  is  a  clay  united  to  a  greater  or  less  quantity  of  cal- 

careous earth,  often  with  quartzy  sand,  and  sometimes  so 
impregnated  with  bitumen,  as  to  take  fire  of  itselL"*^ 

(GtkB.)  Siliceous  substances  are  also  deposited  in  beds.    Band- 

Sandfltone.  ^f^^  I3  composed  of  small  grains  of  quartz  agglutinated 
by  a  cleyey,  calcareous,  or  siliceous  cement  It  is  the  most 
common  of  all  the  stratified  rocks.  It  forms  the  ordinary 
transition  between  the  primitive  and  secondary  mountains; 
in  this  situation  it  is  found  in  parallel  strata,  and  is  but 
little  mixed  with  heterogeneous  substances.  But  it  is  met 
with  also  at  a  distance  from  the  primitive  mountains,  and 
seems  to  have  been  formed  at  all  the  geological  periods. 

There  is,  as  appears  to  us,  a  very  sensible  gradation  in 
the  difierent  formations  of  **  gres"  or  sandstone,  from  the 
glas9ti  kind,  which  nearly  approaches  the  primitive  quartz, 
to  the  pulviacular  species,  in  which  the  granulated  structure 
becomes  perceptible  only  by  exposure  to  heat 
The  reeomposed  granitCf  or  the  sandstone  {gris)  oj  ihtdud 

ed  granite.  wintSf  is  an  aggregate  of  minute  firagments  of  the  ancient 
granite  rock,  united  by  cement  of  any  kind,  and  sometimes 
so  exactly  resembling  the  texture  of  ancient  granite,  as  to  de- 
ceive naturalists  themselves.  But  as  the  beds  of  these  se- 
condary granites  alternate  with  those  of  coal,  it  is  evident 
that  they  have  a  much  more  recent  origin  than  the  rocks 
of  whose  wrecks  they  are  composed. 

We  are  tempted  to  notice  at  this  epoch,  the  enormoas 
blocks  of  friable  granite  with  which  the  marshes  of  Finland 
are  covered,  and  from  among  which  they  have  chosen  the 
rock  that  serves  as  the  base  to  the  statue  of  Peter  the 

RapakifU  ^'^^^    '^'^  granite,  named  rapakivif  in  the  language  of 

*  Guidenitedty  Voyage  dans  le  Caucase. 

+  Wherever  the  word  «  grfts"  is  met  with,  it  is  belt  translated  by  the  word 
"  saDdstone."— T. 
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the  Fins,  forms  no  contiguous  mountains  nor  earth ;  it  is  de-     book 
composed  very  slowly.*  ^i* 

The  formation  of  porphyries  is  continued  through  the  pe-  — — — 
riod  of  stratification ;  it  has  principally  produced  jaspers 
and  quartz-agates. 

The  decomposition  of  stratified  rocks,  and  the  reunion  of 
their  fragments,  or  of  those  even  of  the  most  ancient  rocks, 
by  a  stratified  gluten  or  cement,  forms  what  we  call  the  am-  Congiom«. 
ghmerated  rocks.  This  formation  appears  to  extend 
through  a  variety  of  periods,  and  to  present  a  long  series 
of  shades  which  it  is  almost  impossible  ko  define.  The 
irkheSf  or  variegated  marbles,  and  pudding-sUme,  composed 
of  flint,  jasper,  shell  marble,  and  others  which  belong  to 
this  class,  are  often  confounded  with  the  variegated  marbles 
and  pudding-stones  composed  of  parts  of  crystallized  rocks. 
The  countries  which  have  been  most  caiefuUy  examined 
with  this  view,  namely,  Thuringia  and  Silesia,  present  no 
other  constant  rule  than  the  identity  of  the  conglomerated 
fragments  with  rocks,  either  crystallized  or  stratified,  which 
border  upon  them.  The  pale-red  of  Thuringia  is  a  vane-  Diflerent 
gated  marble  of  sandy  quartz,  in  which  are  found  granite,  ^en  rocto. 
porphyry  and  schists,  according  as  the  neighbouring  moun- 
tains contain  them.f  In  Silesia  ccmglomerate-rocks  ac- 
companying the  primordial  mountains,  vanish  when  they 
disappear,  and  contain  only  fragments  analogous  to  the 
stones  which  compose  them.^  At  the  foot  of  Mount  Altai, 
in  Siberia,  we  find  whole  mountains  of  quartz  and  jasper  in 
small  fragments  conglomerated  by  a  cement  sometimes 
quartzeous,  and  sometimes  argillaceous.^  In  Chili,  enor- 
mous masses  of  pebbles  reunited  by  a  black  clay,  rest  upon 
the  most  elevated  of  the  Cordilleras.||    How  are  we  to  trace 

*  Bergmann,  Geograpb.  Physique,  i.  214.  Comp.  Patrin,  Dictionnaire  d*His- 
toire  NatureUe,  de  D^terville,  x.  81,  au  mot  Granit  d'Jngrie. 

t  Heim,  Correspondancc  de  Zacb,  vi.  535. 

I  Uopold  Bucb,  Description  G^ognostique  de  Landeck,  p.  19.  Id.  Obser- 
Tatioos  Geognostiques,  vol.  i.  passim. 

i  Schaogin,  dans  le  Journal  des  Mineurs.  (Bergmanniscbes  Journal,)  1791, 
ToL  i.  p.  83,  89. 

H  MoliDa,  Histoire  Naturelle  du  Chili,  p.  83.  (trad.  All.) 
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the  inminierable  fiNmiations  which  have  successively  produc- 
u»      ed  these  beds  of  broken  reinains  spread  over  the  whole  sur- 
'  face  of  the  globe? 

Coaguia-  ^e  have  not  been  able  to  comprehend  in  any  of  the  pre- 
^9it^'*  ceding  classes,  a  species  of  rock  which  is  eviAenHy  fi»rnied 
by  aa  operation  differeat  at  the  same  time  both  from  crfs- 
tallization  and  stratification.  We  allude  to  ike  cfeleliratd 
imMoUf  wfhkb.  has  been  the  subject  of  so  many  discussions 
aneog  geolc^sts,  and  which  has  made  them  split,  as  it  were, 
into  two  churches,  each  attached  to  its  particular  opinions 
with  all  the  keenness  of  theological  zeal. 

These  rocks,  compact  or  porous,  assuming  prismatic  or 
globular  forms,  or  without  any  definite  fonn«  black,  browB, 
greyish,  and  bluish,  resemble  in  their  texture  corneous  or 
homy  rodis,  imd  those  which  Werner  designates  primitive 
Chemical    tfispp^.    Bilex  and  iron  appear  to  be  the  principal  chemical 
■ature  of   ekmeiils  of  basalt.    So  are  tliey  equally  oif  tn^ip,  but  expos- 
ed to  strofig  heat,  the  ti*app  affords  a  glass  of  a  greoiiidi 
transparency,  whilst  ttrnt  of  basalt  is  black  and  opaque.  Be- 
sides, the  basalt  incloses  crystals  of  ^  peridote,"  which  are 
not  found  in  jlie  trapps.*    The  most  striking  character  of 
c>nfigura.  basaltic  rocks  is  their  configuration*    Nothing  of  this  kind 
is  more  celebrated  than  those  prismatic  columns,  of  an  m- 
mense  beiglit  and  thickness,  of  which  the  cave  of  Fingal  in 
the  island  of  Staffa  is  composed. 

On  the  coast  of  Irdand,  is  another  admirable  colIecUon 
of  basaltic  rocks,  placed  horizontally,  and  forming  togetlier 
what  is  called  the  Giants'  Causeway.  Masses  of  a  similar 
description,  though  less  considerable  in  size,  are  to  be  seen 
in  Iceland,  and  are  called  in  that  country  the  Walls  of  the 
Devil.  It  has  been  remarked,  particularly  in  the  cave  of 
Fingal,  that  though  the  prisms  themselves  are  unequal, 
the  faces  of  each  are  equal  to  the  corresponding  faces 
of  the  adjacent  prisms,  that  the  inequalities  which  are 
in  relief  upon  the  top  or  end  of  one  of  the  prisms,  are 
adapted  to  the  depressions  or  little  concavities,  on  the  top 
or  end  of  the  next  opposite  prism,  as  if  the  one  was  moulded 

•  Fauias  Saint-Fond,  Geologic,  ii.  269. 
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into  tiie  other ;  lastly,  it  is  worthy  of  notice,  that  in  the  is-    book 
land  of  Staffa,  where  the  prisms  are  raised  one  upon  ano-      ^^'^ 
ther,  lilce  a  series  of  columns,  the  convex  base  of  the  one  is  — — 
inserted  into  the  concave  summit  of  the  other ;  so  that  the 
columns  appear  to  be  articulated.    Even  when  the  basaltic 
rocks  present  themselves  under  a  less  regular  structure, 
their  position  alone  is  sufficient  to  attract  the  particular  at*  Position  of 
tention  of  the  naturalist    Those  masses  which,  in  a  con*  ^****** 
fused  manner,  lie  over  granite,  gneiss,  thci  primitive  and 
secondary  schists;  those  summits,  which,  sometimes  conical^ 
sometimes  pyramidal,  shoot  up,  in  an  insulated  form,  above 
rocks  of  a  totally  different  nature;  those  cements  which 
unite  the  basalts  to  various  crystallized  rocks ;  the  succes- 
sive transition  of  argillaceous  siliceous  schist  to  basalt,  and 
from  basalt  to  a  kind  of  schorly  rock,  named  grunstdn  ; 
lastly,  the  numerous  instances  of  the  disintegration  and  de- 
composition of  basalt  itself,  imparting  fertility  to  the  soil 
of  the  earth ; — ^these  are  facts,  the  explanation  of  which^ 
bas  for  many  years  exercised  and  balBed  the  ingenuity  of 
geologists. 

The  vcleanisU^  with  Desmarets,  Faujas  Saint-Fond,  and  of  the  vol* 
Dolomieu  at  their  head,  regard  basalt  as  lava  melted  by  gf.I'of  ba- 
the heat  of  a  volcano,  and  which,  while  slowly  cooling,  has  sai^ 
acquired  by  contracting  those  prismatic  forms  by  which 
it  is  distinguished.*  But  this  explanation  labours  under 
great  difficulties.  We  ask  the  volcanists,  Why  these  sup- 
posed lavas  have  an  appearance  similar  to  rocks,  the  squa- 
re formation  of  which  is  generally  admitted  ?  Why  do 
they  present  no  trace,  either  of  vitrification,  or  of  tumefac- 
tion ?  Why  do  they  envelop  untouched  crystals,  and 
other  substances  which  must  have  originated  from  a  state 
of  fusion?  Dolomieu  answers,  that  the  heat  which  melted 
these  basaltic  lavas,  had  very  little  intensity ;  that  the  fu- 
sion of  these  substances  was  only  a  simple  dilatation,  which, 
in  separating  the  particles,  allowed  them  merely  to  glide 
one  over  another,  without,  in  any  degree,  changing  their 

*  Dolomieu,  M^moires  sur  iles  Ics  Ponces,  p.  100,  sqq,  Desmarets,  Me- 
raoires  de  TAcad.  des  Sciences,  1771,  p.  273.  Faujas  Saint-Fond,  Histoire 
^Hurdle  des  Laves  Prismaliques,  &c. 
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BOOK    nature.    He  supports  this  opinion  by  his  own  obseryations; 
XI.      according  to  which,  the  ordinary  lava,  even  while  it  is  flow- 
*"""""*""  ing,  is  sufficiently  firm  and  cool  on  its  surface  to  adnit  of 
being  walked  upon  without  much  inconvenience.*  ^ 

Facu  op-  j^  multitude  of  other  facts,  however,  seem  to  leave  no 
tiM  Toica-  subterfuge  to  the  volcanists.  In  the  first  place,  the  basal- 
nic  origin.  ^^  cones,  placed  above  all  kinds  of  ancient  and  secondary 
rocks,  and  often  forming  the  most  elevated  summits  of 
chains  of  mountains,  present,  from  their  situation,  from 
iheir  entire  structure,  and  from  the  absence  of  craters, 
characters  very  contrary  to  those  of  lavas  and  volcanic  ac- 
cumulations. Basalt  is  decomposed  daily,  which  happens 
to  no  species  of  lava.  In  Ringuerike,  in  Norway,  the  soil 
appears  almost  throughout  entirely  to  consist  of  decom- 
poaed  basalt  Near  Christiania,  small  fragments  of  this 
rock  are  spread  over  the  fields,  under  the  convictioiiy  that 
it  will  form  an  earth  proper  for  cultivation.!  If  we  exa- 
mine the  texture  of  these  rocks,  we  find  it  very  sensibly 
approach  that  of  the  schistous  porphyries  and  gnmstdiu 
Upon  the  Meisner  in  Hesse,  we  have  observed,  with  a  great 
degree  of  attention,  the  transition  of  basalt  into  grunstein.^ 
The  third  fact,  which  is  inconsistent  with  the  volcanic  ori- 
gin of  basalt,  is  its  relative  position  in  regard  to  coals.  Not 
only  in  Hesse  does  basalt  cover  an  immense  bed  of  coals, 
but  in  Sudoree,  one  of  the  Feroe  Islands,  a  mine  of  coal 
is  seen  in  the  midst  of  the  basalt$  It  is  evident  that  these 
masses  of  coals  would  have  changed  their  nature  consider- 
ably, if  the  lava  in  melting  had  flowed  around  them. 
Neptunian  The  Neptunian  origin  of  basalt  appears  to  be  attended 
barah.^^  with  much  probability.  Bergmann,  who  was  the  first  to 
prove  by  analysis  the  identity  of  trapp  with  basalt,  is 
content  with  supposing,  '<  that  the  substance  of  basalt,  pe- 
netrated and  softened  by  humid  vapours,  was  converted 

*  Dolomieu,  Journal  de  Physique,  Fructidor,  an.  ii.  p.  408.  ibid*  Pluvoise, 
m^tne  annte,  p.  118. 

t  Strom.  Description  du  Canton  d'Eger,  p.  47,  «9^.  (in  Dan.) 

I  Daubuisson,  Traduction  de  la  Th^orie  des  Filons,  p.  94,  note  2. 

^  Mem.  de  la  6oci(t6  d^Histoire  Naturelle  de  Copenhague.  See  in  (he 
rourse  of  this  work  the  descriplion  of  the  Ferorr  Island*. 
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iato  a  claminy  and  liquid  mass;  that  this  mass  having,  in    book 
the  progress  of  dryings  suffered  contraction,  but  not  equally      ^^* 
throughout  the  whole,  had  formed  ruptures,   and  that  it 
iKm  thiis  subdivided,  with  a  khtd  of  regularity,  into  prisms 
of  different  kinds,''* 

A  oelebrated  mineralogist,  Werner,  from  considering  the  Hypothesis 
singiiUr  nature  of  bassdtic  rocks,  and  particularly  the  posi-  ° 
tion  of  those  of  Saxony  and  Bohemia,  thought  that  he  had 
fiscoTOfed,  that  the  formation  of  these  substances  consti- 
Istes  a  distinct  epoch,  and  requires  causes  quite  different 
fron  those  which  have  produced  the  ordinary  kinds  of 
esHhs  and  rocks.  This-  philosopher  imagined  that  a  me* 
chanica-chemical  solution*  of  a  particular  nature  had  once 
corered  tin  globe.  This  solution  produced  precipitate 
mbgiNis  to  its  own  nature;  at  firsts  gravel,  clay,  and  m- 
duMa^  purely  mechanical;  very  soon  after  these,  catoe 
the  ai>^lo-siUceous  schists,  named  wackesi  which  already 
indicate  the  commencement  of  confused  crystallization ;  then 
appeared  the  basalts.  The  mass  of  these  being  deposited 
upon  almost  the  whole  of  the  surface  of  the  globe,  the  so- 
lution amved  at  a  state  purely  chemical,  and  afforded  no- 
tUag  but  crystallized  precipitates,  such  as  the  schistous 
pcHphyries,  and  the  rocks  csdled  greenstein.f 

Aocordingto  this  hypothesis  of  Werner,  there  is  a  pos- 
sibility of  explaining  why  insolated  basaltic  columns  are 
fouad  pfojecting  firom  the  midst  of  a  soil  of  a  different  na- 
tote^  for  we  may  conceive  that  the  parts  the  least  crystal- 
lised of  the  basaltic  solution,  that  is  to  say,  the  parts  mixed 
witti  clay  and  gravely  after  having  been  deposited  and  dried, 
wcire  again  decomposed  and  carried  along,  with  other 
earths,  by  currents  of  water,-  far  from  the  sides  of  the 
BKmntains  which  once  were  covered  with  them.  In  some 
^aces,  this  mass  of  decomposed  basalt  is  extended  more 
equally  over  considerable  tracts  of  ground.    The  masses 

*  Bergmann,  De  Productis  Vukaniis. 

t  Werner,  Classification  des  Roches,  &c.  &c.      Daubaisson,  Journal  dep 
Mioes. 
vojL.  I.  17 


2«'>8  BOOK  ELEVENTH^ 

BOOK  of  basalt,  which  are  not  decomposedy  have  at  the  saaie  tioie 
^^*  preserved  the  rocks  which  they  covered  from  fliis  alow  dis- 
integration,  to  the  action  of  which  almost  all  the  aadeat 
mountains  are  subjected.  Thus  it  is  by  the  continued  re- 
-inoval  and  disappearance  of  the  lower  basaltic  strata,  Ihat 
the  detached  cones  have  acquired  their  particular  fonot 
and  that  singular  position  and  appearance  which  astonish 
the  eye  of  the  beholder. 

This  hypothesis  of  Werner,  which  more  multiplied  ob- 
servations will  either  confirm  or  overthrow,  fully  explains 
only  the  position  of  basalt,  and  not  its  origin ;  we  can,  even 
Of  thecoa-  while  WO  admit  the  hypothesis  of  Werner,  ascribe  the  ori- 
buau?  ""^gin  of  the  solution  of  the  constituent  parts  of  basalt  to 
whatever  cause  we  choose;  it  is  even  very  likely  tiiat  ca- 
loric has  been  the  principal  agent  in  bringing  to  a  stale  of 
fermentation  and  fusion  those  substances,  ^t>bably  crys- 
tallized, which  furnished  the  materials  of  that  solution; 
but  the  fermentation  and  the  fusion,  which  have  been  fol- 
lowed up  by  a  new  coagulation  of  particles,  and  by  their 
contraction  into  prismatic  forms,  have  no  connection  what- 
ever with  the  system  of  phenomena  arising  from  the  agency 
of  volcanos  actually  burning,  or  of  other  similar  ancient 
volcanos,  however  powerful  they  may  be  supposed.  The 
polar  magnetism,  which  Haiay  has  observed  in  basalts,* 
seems  to  indicate,  that  they  were  originally  trapps,  in  which 
a  slow  and  uniform  dilatation  of  particles  has  developed 
the  magnetic  fluid.  It  is  desirable  that  we  should  observe 
the  direction  of  the  basaltic  colonnades,  and  the  position  of 
each  prism  in  relation  to  the  equator  and  tiie  magnetic 
poles. 

Circumscribed  as  we  are  by  the  limits  of  our  work,  we 
must  relinquish  this  interesting  discussion  concerning  coa- 
gulated rocks,  and  proceed  to  the  consideration  of  masses 
formed  by  accmnulatwn.  This  is  a  portion  of  the  (^obe 
which  we  may  be  said  to  have  under  our  own  eyes. 

*  Traits  de  Mineralogic^  iv.  48 £^. 
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Sand,  grarodf  some  transported  clays^  that  is  to  say,    book 
those  which,  by  gliding  and  rolling,  have  changed  their      ^i- 
sitoation,  and  amongst  which  Werner  places  potter's  earth ;  r    T    7 
tufof  or  stony  substances  formed  by  incrustation,  such  as  accumuia- 
thc  stalactites  of  caverns ;  the  <*  sinter,**  or  stony  deposits  **°"" 
of  running  waters ;  brecdaSf  or  variegated  marbles  of  ter- 
nary formation,  that  is  to  say,  older  fragments  of  rocks 
aoited  by  a  cement  of  tufa;  marshy-ochre,  although  formed 
by  chemical  precipitation ;  some  bituminous  and  aluminous 
earths,  vegetable  earth,  and  the  mud  of  marshes ;  turf,  com- 
posed of  vegetable  remains  recently  buried,  less  decom- 
posed, and  less  impregnated  with  bitumen  than  coal;  frt- 
hndntms  fossil  Toood,  a  substance  which  appears  to  be 
incipient  coal,  and  which  even  in  some  places  nearly  re- 
sembles true  coal ;  tiiese  are  the  materials  which  generally 
constitute  earths  of  accumulatioru    We  shall  develop  the 
origin  of  each  of  these  substances,  in  tracing  hereafter  the 
history  of  the  changes  which  have  taken  place  on  the  sur- 
face of  the  globe.    Substances  projected  by  volcanos  form 
the  seventh  class  of  solid  masses  which  we  have  to  con- 
sider. 

Amongst  the  volcanic  productions,  there  are  some  which  volcanic 
have  undergone  an  igneous  fluidity ;  these  are  called  Lavas,  uon^s!^' 
in  the  proper  sense  of  the  word.    We  have  just  seen  that 
it  is  among  these  substances  that  several  French  minera- 
logists place  the  basalt,  which  other  naturalists  consider  as 
having  been  formed  by  the  agency  of  water.     We  have 
conadcred  these  rocks  as  the  produce  of  a  formation  an- 
terior even  to  the  seas,  and  before  the  existence  of  vol- 
canos; and  we  should  consider  it  a  most  arbitrary  ar- 
rangement to  rank  amongst  the  substances  thrown  out  by 
Tolcanos,  one  which  forms  no  part  of  any  stream  of  lava 
ttat  has  ever  been  observed.    It  is  certain,  however,  that 
many  true  lavas  have  for  their  base  petrosilex,  feldspar, 
granite,  or  rather  amphigene,*  and  other  stony  substances,  stony  and 
^hich  have  preserved  their  appearance  of  stone,  and  which  ^ai' &2/** 

*  Habj  Min^ralogie,  iv.  493.    Dolomieu,  Journal  de  Fhysiqne,  Pluvoise, 
*n.  ii.  p.  105. 
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BOOK    even  iuclose  pure  crystals;  but  these  lavas  never  assume 
^^*     the  regular  form  of  basalt*    Other  lavas  have  been  vitri- 

"""""^"  fied,  as  the  obsidiaUf  or  agate  of  Iceland^  v^hich  has  com- 
pletely the  appearance  of  glass.  The  volcanic  glass  has 
often  an  enamelled  or  pearly  appearance,  and  is  found  in 
a  capillary  form. 

Pumice  The  pumice  stone,  or  pumiced  lavOf  is  the  best  known  of 

volcanic  productions.  Doloniieu  considers  it  as  the  pro- 
duce of  foliated  granite  and  micaceous  rocks,  or  even  of 
granites,  properly  so  called.  ''The  component  parts  of 
these  rocks  have  the  property  of  mutually  serving  as  fluxes, 
and  have  been  able  to  undergo,  by  the  action  of  fire,  a 
demi-vitrification,  which  may  be  compared  to  calcined  mat- 
ter, or  frit,  a  little  swelled."!  This  opinion  appears  to  be 
true  as  to  certain  kinds  of  pumice  stone,  but  there  are 
others  which  are  produced  from  magnesian  rocks,  and  es- 
pecially from  asbestos,  or  decomposed  amianthus.:): 

Rcorias  or  The  different  scoria  are  substances  strongly  vitrified, 
which  swim  sometimes  upon  the  torrents  of  lava,  and  some- 
times are  thrown  out  like  hail  around  tlie  volcano. 

The  volcanic  sands  appear  to  consist  of  lava  scorified 
to  the  last  degree,  or  of  scoris  decomposed  after  being 
ejected, 

Pouzzo-  The  pouzxolanes  have  not,  like  lava,  experienced  an 
igneous  fluidity ;  they  are  substances  of  a  more  argillaceous 
nature  than  those  which  have  formed  the  lava :  having  less 
sulphur  in  their  composition,  they  have  been  able  to  resist 
the  action  of  fire,  which,  instead  of  scorifying  them,  has 
only  served  to  calcine  and  bum  them.  Heavier  than  the 
scorise,  they  fall  near  the  centre  of  the  volcanic  mountain. 
United  to  lime,  they  form  a  cement  of  the  greatest  hard- 
ness and  durability,  which  the  Romans  used  in  preference 
to  every  other  in  the  construction  of  their  aqueducts. 

Volcanic         Volcanic  ashes  are  discharged  from  the  craters,  in  the 

ashes, 

*  Comp.  Faujas  Saint-Fond,  Geologic,  ii.  part  2. 
t  Doloinieu,  Voyage  aux  ties  Lipari,  p.  6. 

%  Berginani),  De  Produciis  Vulcaniis.  Spallauzuni,  (Euvres,  ii.  225.  trad, 
de  Senebier. 
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midst  of  a  column  of  smoke,  and  are  then  driven  by  the  book 
"vrinds  to  great  distances.  Those  of  Etna  are  carried  to  ^^* 
Malta^  and  some  say  even  to  Africa.  When  these  ashes 
are  still  suspended  in  the  atmosphere,  and  when  the  va- 
pours, which,  at  the  satne  time,  are  dissolved  in  it,  happen 
to  condense,  the  mixture  which  thus  takes  place  occasions 
those  earthy  showers  which  fall  sometimes  at  a  great  dis- 
tance from  the  volcanos  themselves.  These  ashes,  from 
the  extreme  minuteness  of  their  particles,  introduce  them- 
selves everywhere,  enter  into  the  closets  for  keeping  provi- 
sions, where  they  vitiate  every  article  of  food ;  but  this  in- 
convenience is  compensated  by  the  advantage  which  ac- 
crues from  their  fertilizing  the  grounds,  ravaged  by  burning 
torrents  of  lava.*  The  beat  of  the  volcanoes  produces  by 
sublimation,  different  substances,  such  as  sulphur,  muriate 
of  ammonia,  sulphuret  of  arsenic,  and  of  iron. 

Volcanic  tufa  is  a  substance  produced  by  the  agglutina-  Volcanic 
tion  of  volcanic  ashes,  or  fragments  of  scorise.  The  muddy  *"^** 
eruptions  which  take  place  in  certain  volcanos  may  be  con- 
sidered as  the  principal  cause  of  the  formation  of  volcanic 
tufa;  masses  of  clay  or  of  liquid  mud,  in  rolling  over  the 
cinders  thrown  out  by  the  volcanos,  incorporate  with  them.f 
At  other  times,  the  volcanic  substances,  in  flowing  into  the 
sea,  may  be  agglutinated  there  by  a  stony  cement,  held  in 
solution  by  the  salt  water.:): 

We  gfaall  liot  enter  into  a  detailed  explanation  of  the  sub- 
stances contained  in  lava,  the  origin  of  which  still  perplexes 
the  naturalist ;  but  we  ought  to  notice,  in  a  few  words,  al- 
ierei  o'r  dtcorhposed  lava. 

It  is  an  important,  but  obscure  and  difficult  question,  Decompos- 
wh^ttiep  lavft,  by  the  action  of  air  and  water,  is  reduced  ^^  ^*^'' 
into  earth,  ol*  becomes,  at  least,  partially  softened.    Italy 
famishes  examples  favourable  to  this  opinion ;    Iceland 
offers  ptroofs  to  the  contra^.    The  probability  is,  that  no 
vitrified  lava  is  decomposed,  but  that  which  has  been  cal- 

^  Dolomieu,  M^moire  sur  les  ties  Ponres,  p.  336,  tqq, 

t  Dolomiea,  Voyage  aux  ites  Lipari,  56. 

t  Delam^therie,  Th^orie  de  la  Tene,  ii.  482.  deuxi^me  Edition. 
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BOOK  cined  or  changed  by  the  action  of  the  sulphureous  acid  Ta- 
^<*  pours.  The  mine  of  alum  of  La  Tolfa,  in  the  ancient  Ro- 
'  man  State,  supplies  us  with  an  example  of  this ;  it  is  a  lava, 
which,  being  decomposed  by  the  sulphuric  acid,  is  become 
white  and  friable.*  Bergmann  exposed  some  calcareous 
blackish  and  compact  lavas,  which  came  from  Yesuyius,  to 
the  vapour  of  sulphuric  acid ;  they  acquired  in  a  few  hours 
the  appearance  and  texture  of  chalk,  similar  to  that  in  the 
neighbouring  rocks  of  Solfatara*!  There  are  naturalists 
who  consider  all  lavas,  even  those  most  strongly  vitrified, 
as  penetrable  by  tlie  acid  gases ;  the  sulphuric  acid  dis- 
solves at  first  the  iron,  afterwards  the  bituminous  earth 
and  the  lime;  so  that  quartzeous  earth,  unchanged  bj 
acids,  but  attenuated  and  laid  open,  is  at  length  carried 
away  by  the  waters  4  but  these  are  possibilities,  rather 
than  ascertained  facts.  We  conceive,  at  least  in  ge- 
nera], that  the  oxygen  of  the  air  has  very  little  influence 
upon  the  lavas,  and  that  the  action  of  sulphuric^  carbonic, 
and  other  gases,  must  be  circumscribed  to  a  small  number 
of  places. 

It  is  proper,  after  volcanic  substances,  to  mention  those 
wliich  owe  to  the  action  of  subterraneous  fires  their  deposits 
of  coal.  The  best  known  is  that  which  is  commonly  called 
porcelain  jasper.^ 

The  atmosphere  has  at  all  times  contributed  to  augment 
the  number  of  the  solid  substances  of  the  globe.  The 
Bolides,  showcrs  of  stofics  described  as  prodigies  by  many  Greek 
stono  and  Roman  historians,  have  been  finally  placed  beyond  the 
reach  of  doubt  by  the  enlightened  observations  of  Biot, 
Chaldini,  and  other  philosophers.  All  these  substances 
thrown  down  upon  the  earth  from  the  clouds,  contain  the 
same  elements  of  silex,  iron,  and  nickel.  They  seem  to  be 
only  the  nuclei,  or  kernels  of  those  balls  of  fire  which  we 
often  see  traversing  the  atmosphere  with  a  dazzling  bright- 

**  Dolomieu,  citi  par  Haiiy,  Min^alogie,  iv.  505. 

t  Bergmann,  Geog.- Physique,  ii.  197,  en  SuMoit. 

%  Faujai  Saint-Voml,  Min^ralogie  des  Volcans,  chap.  xii.  p,  S74. 

t  Thermantide  porcellanite  idc  Haiij,  iv.  5ID. 
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fUtaSf  and  disappearing  in  fhe  twinkling  of  an  eye.    Thus    book 
the  hoKdeSf  or  atmospheric  stones,  should  be  concretions      ^'' 
formed  by  the  elementary  gases,  and  perhaps  by  an  effect  — ^— "- 
of  electricity ;  but  they  may  also  be  regarded  as  so  many 
satoUitest  or  diminutive  moons,  which,  revolving  round  our 
phmet,  terminate  their  course  by  uniting  themselves  to  it, 
when  causes  that  are  unknown,  but  easy  to  be  conceived, 
have  deprived  them  of  a  part  of  their  centrifugal  force. 
Has  Dr.  Franklin  been  wrong  in  thinking,  <^that  there  may    ^ 
hare  been  a  time  when  it  rained  stones  as  it  now  does  water  ?" 
It  now  remains  for  us  only  to  take  a  rapid  survey  of  the 
sabstances  which  are  foreign  to  the  mineral  kingdom,  and 
which  are  found  inserted  amongst  those  that  form  the  solid 
crast  of  the  globe.    These  substances  deserve  a  particular 
soction  to  be  appropriated  to  them. 
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Coniinuatian  of  the  Theory  of  Geography.     Of  the  Fossil 
remains  cf  Organic  Bodies^  Vegetable  and  Animals 

The  remains  of  organic  beings  buried  in  the  eartii  may 
be  viewed  as  so  many  geological  medals,  but  medals  with- 
out a  date.  Tlie  difibrence  of  age  and  of  ongin  betweeH 
the  secondary  and  the  ternary  rocks  would  be  easily  ascer- 
tained, if  we  could  precisely  and  completely  class  the  re- 
mains of  organic  bodies,  each  according  to  the  earth  or  rock 
in  which  it  is  found ;  but  this  arduous  undertaking,  scarcely 
ever  conceived  by  systematic  geologists,  has  only  of  late 
become  the  object  of  researches  that  deserve  to  be  called 
scientific* 

Oi^anic  fossil  bodies  maybe  distributed  into  three  classes ; 
remains  which  have  preserved  their  natural  state,  at  least  in 
part;  petrified  substanceSf  and  impressions. 
Fosiii  re-  The  first  class  consists  principally  of  bones,  and  even 
whole  skeleton^  which,  after  having  been  deprived  of  the 
skin  and  flesh  that  covered  them,  remain  buried  in  the 
earth,  or  concealed  in  deep  caverns.  Sometimes  they  are 
calcined  totally  or  in  part,  without  having  lost  thrir  confi- 
guration ;  sometimes  they  retain  not  only  their  textore,  but 
even  a  certain  portion  of  skin  and  flesh ;  we  occasionally 
find  them  incrusted  with  a  calcareous  covering. 

PetnflcationSf  taking  this  term  in  the  ordinary  sense. 


General 
view. 


Petrifac- 
tions. 


*  G.  Cuvier,  Extrait  d'un  ouvrage  sur  les  espices  des  quadruples  dont  on 
a  trouv^  les  osseinens  dans  Tint^rieur  de  la  terre.  Paris,  an  ix.  £t  ses  Me- 
moires  dans  les  Annales  du  Museum  d'Histoire  Naturelle.  Lamarck,  Merooires 
sur  les  coquillages  fossiles  des  environs  de  Paris.  Annal.  du  Museum.  Blu- 
menbach,  Specimen  Archieologise  Telluris ;  See  Gazette  des  Sciences  de  Got* 
lingue,  No,  199, 


coB^nbend  all  the  stony  mb0laiic«ipidfidi4ittlie;tefig»e  s«K 
^  an  organic  liody.  There  (bam  bcmi  insteiCM  ^eve  ^a  ^"^ 
liqvid  iflspregnated  ¥44lh  «tonj  portacies  teB>flowiilB«a« 
canity  fomedby  an  oi^nic  'body  which  had  ilisaypeand. 
la  4hat  ease^  4he  etony^iBass  has  flaiifed  intD  ibe«Hipty4>a- 
vity,  and  assumed  the  exterier  form  ^  the  ar^gamic  body 
^icii  'WBS  thefe  before.  If  this  body  'was,  far  ^eaEUBi|iMj  a 
branch  or  trunk  of  a  ianep  the  stone  wiH  Infvie  4iwrts«nd 
wrinUea  on  its  exterior;  bat  in  Hm^  nvterior  it irlO  4Ndiblt 
aH  the  diaracters  of  real  stone.  It  m^  only  ^he,  wioaihifc 
io  Hady,  ^the  statue  of  the  ^oabotance  which  it  'has  10- 
placed.** 

WWle  #M  pmoess  of  docomposHion  is  going  <ni  giadaiil- 
iy  and  <^iouriy  in  a  iwgetaUe  or  aniaial  substance,  tt-is 
lilnwiae  swwoanded  and  prassod  on  by  a  oloay 
As  each  organic  {lartido  dissolves  and  4isa)i|wars,  a 
slany  ^ailiele  reptacos  it  Tbas,  particle  after  pailldey  the 
stsny  uabstaaoe  gradaally  occupies  tiie  spaces  left -^raiQMt 
by  the fsogressifa decay  of  the  vegetable  or  aniaNd  parts; 
sad,  by  4oiag  moalded  in  tfaese  cavtOos,  it  copies,  featare 
fcrfisatare,  the  contexture  of  the  organic  body.  Thais 
dw  ^v:ay  in  vliioh  it  is  usual  to  explain  the  ilsnnation  of 
fiUiJkd'WBoi^  an  iautation  of  the  real  wood  00  compMa^  Petrified 
dnt  apon  coMng  it  tvansversoly,  we  diatN^^atfife  the  ap-  '^'^- 
pearaaeo  of  concentric  riagi^  which  in  the  living  tree  arise 
frsm  its  annual  growth.  8oaiotinies  it  is  oven  in  a  stole 
Aom  which  wo  can  ascertain  by  the  Kneanmitsof^  tea?- 
tare  the  opedes  to  wMoh  the  tree  belonged.'*^' 

JlmtmU9ifii  boMeiy  and  those  which  boTO  been  ohaagod  ^^^"^ 
into  bitumen  or  into  coal,  may  be  reCMred  to  the  same  sya* 


sf  ibraiatioa.    Thas,  the  turfasises  for  nampie,  are 

thejawtseth  of  osaie  taiy  sea  animai  1  a  aetalBc  sabsiaaoe 

which  has  penetrated  them,  has  beea  gradaally  oabstHolsd 

for  the  softer  parts  of  the  bone. 

Delametherie  justly  observes,!  that  the  siliceous  matter 

*  Monies  le  Jeune,  Journal  de  Physique,  1731,  p.  255,  etsuiv.  (Compw  Dau- 
benton,  dans  les  Le9ons  de  I'Ecole  Normale,  tome  iii.  p.  393,  et  suWO 

*  Thforic  de  la  Tcrrc,  tome  ii,  p.  54fi, 
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80  abundant  in  many  organic  bodies,  lies  crystallized  in  the 
XII.  bosom  of  the  earth,  and  produced  a  gre^t  part  of  the  stony 
substance  which  constitutes  petrifactions— for  these  being 
often  of  a  siliceous  nature,  although  found  in  the  midst  of 
clay,  whence  then  could  have  come  this  siliceous  liquid,  if 
not  from  the  petrified  body  itself  ? 
imprat-  Impressums  are  found  between  the  lamine  of  certain  v- 
•Joni.  giUacoous  schists ;  they  are  the  relievos  or  moulds  represent- 
ing skeletons  of  animals,  particularly  fishes,  leaves,  reeds, 
entire  plants,  principally  of  the  fern  kind.  These  last  im- 
pressions have  this  peculiarity,  that  if  one  of  the  leaves  pre- 
sents a  concave  print  of  the  face  of  the  leaf  opposite  to  that 
which  bears  the  fructifications,  (as  generally  happens,)  the 
other  lamina  will  present,  not  the  hollow  impression  of  the 
face  of  fructification,  but  the  relievo  of  the  same  fSace,  which 
is  concave  upon  the  other  leafl  To  all  appearance,  as  Bmg- 
nieres  explains  it,*  the  fern  placed  upon  soft  clay  has  been 
covered  over  again  with  a  new  deposit.  Afterwards,  this 
plant  reduced  into  a  carbonaceous  substance,  or  penetrated 
by  the  minute  particles  of  the  schistous  deposit  becomes 
incorporated  and  identified  with  it ;  and,  as  the  surface  of 
the  fructifications  is  unequal,  that  opposite  being  more 
smooth,  it  is  natural  to  imagine  that  there  has  been  less  co- 
hesion between  the  clay  and  this  smoother  face.  Hence  the 
reason  why  this  latter  face  generally  presents  itself  when 
the  leaves  of  the  clayey  schists  are  separated.  We  shall  now 
consider  successively  the  different  classes  of  fossil  remains. 
The  petrifactions  of  vegetables  seem  to  belong  to  the 
quartzeous,  aluminous,  and  magnesian  schists,  rather  than 
to  the  calcareous  rocks. 
BBUified  "^"^  petrifying  substance  is  most  frequently  of  quartz- 
vcgeubiei.  agate,  onyx,  or  jasperf,  it  is  not  uncommon  to  meet  with 
petrifications  which   have  been  formed  by  pyrites.^    We 

*  Journal  d*Hiftoire  Naturelle,  No.  4.  p.  125.  ct  suiv. 

t  D*Argenville,  Oryctologie,  p.  355,  tab.  xx.  Stoppen,  Recreations  Phyiiques, 
i.  702.    SchuUen,  lur  let  Boii  p6trifie0.     Dresde,  1754. 

%  Henckel,  Pyritol.  224,  227,  (en  Latin.)  IXenio,  Biblioth.  Physique,  i. 
158. 
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bavB  seen  a  piece  petrified  by  pyrites  on  the  one  side^  and  binik 
Itj  agates  on  the  other.*  Petrified  vegetables  in  lime,  in  ^^* 
gypsum,  and  even  in  clay,  appear  to  be  less  frequent.  Fos-  >^ 
fU  ears  of  corn,  impregnated  with  silver,  with  copper,  and 
with  other  metallic  substances,  have  been  found  in  Switzer- 
land, and  near  Frankenberg,  in  Hesse.t  Sometimes  only 
the  exterior  forms  of  the  vegetables  are  perceptible ;  at 
other  times,  the  difiisrent  rings  of  the  wood  and  tissue  of 
the  bark  are  to  be  distinguished.  The  **  osteocolles,''  or  cal- 
Gureous  tubes,  appear  to  be  incrustations  formed  around  a 
vegetable  root,  which,  deprived  of  its  nourishing  juices, 
has  at  last  completely  disappeared.  Petrified  fruits  are 
sometimes  spoken  of,  but  they  are  very  rare.  They  have 
been  found  on  heights,  where  now  they  do  not  grow.  A 
tiunk  of  a  petrified  tree  has  been  met  with  upon  Mount 
Stella,  in  the  country  of  the  Orisons,  at  4000  feet  above  the 
lerel  where  the  last  shrubs  grow*4  Entire  beds  of  petrified 
vood  exist  at  the  elevation  of  1500  feet  above*the  sea,  near 
the  town  of  Munda,  in  Spain.$ 

The  impressions  of  vegetables  are  almost  exclusively  imprei- 
foond  in  the  marly  and  argillaceous  schists.  Those  of  geubiesJ^ 
ieayes  and  branches  are  common.  Some  have  been  met 
^th,  which  present  to  us  the  most  delicate  traces  of  the 
stractore  of  flowers,  amongst  others,  the  aster  alpinus,  near 
Ihlefeld,  in  the  county  of  Hohenstein.||  Like  petrifactions 
ttey  sometimes  represent  indigenous  plants,  or  such  as  are 
flatires  of  neighbouring  countries ;  but  those  that  are  found 
in  Europe  oftener  belong  to  the  tropical  climates  of  India 
ttd  America. 

Bernard  de  Jussieu  had  remarked,  about  a  century  ago,  These  ve* 
tkit  the  greater  part  of  the  fossil  plants  which  are  found  l^^  »oticf^ 
in  the  bituminous  schists  of  Saint  Chaumond,  near  Lyons, 

*  Bergmann,  G6ograpbie  Physique,  i.  307. 

t  Schcuchaer,  Oryctograpb.  Helvet.  209.    Lehmann,  Mimoires  Physicochi-  "^ 

nqaef,(enAll.) 
\  M6moires  de  I'Academie  des  Sciences  de  Paris,  an  1710. 
t  HoUmann,  Philoeoph.  Transact.  1760,  p.  50€,  sqq, 
!  Bergmann,  G(og.  Phys.  i.  303. 
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BMK  were  foreign  to  evrolMHiles.  Tte«e<wtt8veoogiiiMdtlMq^ 
^^^  in  jNutiailu%ttbe -fruit  of  « fijfctanlat,  the  ^pelfpodium,  oj 
"'"~~~~  4be  admUmm/^  In  ^a  roi vly  leasil  wMsif  ^eoTwed  o?€r  kJ 
Ae  k¥A,  Fai^as  SaMlt-Petid  iMt  with  the  impreaeieBS  4 
.goeqipiuin,  in  ibe'sWite  ^  a  U-ee,  4he  liqtoidaBihar-etyrai 
Ae  caeeia^'fiBtida,  and  elher  vcfetablee  of  tropical  cliiMkiJ 
This  Mne  ^beerver  ^iecovered  the  finite  of  the  palmier* 
areoa  In  a-depoeit  of  deoompiMied  foflsil  wood,  named **  km 
^^iNnfrfe,"  near  CMogne^f 

The  OeraNMiy  ScfaenchflBert  who  has  given  an  anteiiimm 
Aetbarnim,  Woodward  and  Lloyd,  and  many  other  jkiki 
Aophersy  have  prcrired  the  same  iJircumstances  as  to  the  fe»] 
oilrplants  of  their  oounti^r.  Delanetberie  has  shewn,  tiui 
4he  elastic  fossil  gum  t)f  Derbyshire  was  the  caho«itciM)iic, 
whieh  grows  only  in  Peni.  And  the  a»her  of  PruMi  fa 
oKiHMMed  tohaRre  been  jirodnced  from  the  gam  trees  in  the 


Bituroi-  vBitamiaated  wood,  aUbough  buried  at  great  depths,  imj 
wood.  ^  ^^®  production  of  some  less  ancient  and  less  violeat  it- 
vohitions.  Pieces  of  wood  have  been  foandy  of  which  one 
«nd  was  in  a  natural  state,  and  the  other  bituminaleit 
Jhnd  it  is  remarkable  that  this  wood  is  often  <^  an  'mi^gtl 
a»UB  Uikk  At  Upoal  is  preserved  a  laiige  piece  ^  an  tHei 
tuee,  which  was  discovered  in  Scania  convmied  inte  fii 
ht^vk^  still  the  bark  and  buds  very  disoemibfei.^  Tins  H- 
teminated  woods  approach  by  degrees  to  the  nature  of  nit- 
i4frMmms/are9t§^  or  heaps  of  wood»  wUch  have  been  sinpl; 
imried  by  some  modem  convulsion^ 
Sheiifl.  Amongst  the  remains  of  the   animal    kingdom,  Mb 

and  moipkftei  are  the  most  abundant;  thegr  eecapy  im- 
menae  tifaces^  but  are  principally  found  in  tke  caloarMs 
vook&  France  furnishes  as  with  tiie  best  known  exaolpie^ 
The  environs  of  Paris  alone  have  supplied  M.  Lamarck 

*  M4iBoiretde  rAcadeinie  dei  ScioBcet,  1718. 
t  DelaiiiCtherie,  Tb6orie  de  la  Terre,  k  1452. 
X  Lehmann,  citi  par  Beifnaius  G^.  lliyi.  i.  306. 
^  Bergmann,  ibid. 
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with  iBore  ttan  60  species,  and  this  philosophical  clasa&kar 

tion  has  not  nearly  reached  its  limits.*    We  l^now  thait.a     ^^' 

fast  bed  of  chalk,  accompanied  by  banks  of  calcareous  sbelU  ""    "" 

extends  from  Rethel,  through  the  departments  of  the*  MaiM 

tod  the  Aube^  towards  Sens^f    The  quantity  of  ea^traneow 

bodies  which  have  hem  found  in  thia  belt  of  chaik,  w-  in 

its  Ticinity,  is  very  considerablAi    <<  In  the  enviroQ^oC  tin 

tovB  of  Bheims,  are^  found  quames  UMk  witb  tramsparent 

bd^mnites,  with  sea  urchins,  echuiiy,  and  with  pyrites^  of 

dilterent  forms.    There  likewise  amto.be  seeA  in  minflMd 

confiision,  ccniHia  anunonis,.  fossil  talc^  petritiod'.woodk  and 

pieces  of  potter's  earth  full  of  impreaaiona  of  leaves/'  From 

Chalons  to  Rheims,  the  soil  is  mixed  with  cbalk»  and  com* 

tains  belemnites,  pectines,  echioiy  tba  teeth  oC  fishes,  and 

the  broken  points  of  echinL    The  canton  of  Gonrtagnon 

presents  a  bank  of  shells  of  sevwal  myriametres  in  lengfli» 

ud  nearly  two  in  breadth.    It  contains  a  quantity  of  jfos* 

nls  preserved  entire^  and  some  have  even  retained  their 

colour  and  their  polish*    <<  More  than  sixty  kinds  are  to 

be  seen,  such  as  purple  oysters,  peetinites,  cfaamas,  teHtnesy 

Dytiliis,  cardium,  cypnea,  comua  animonis  nmites^  sabotes^ 

kpas,  patella,  archa,  squalus  maximus,  and  other  animals^ 

^  also  fossU  corals4 

Below  tiie  town  of  Montmirail,  between  the  farm,  off 
Tigecourt,  and  a  hamlet  called  Le  Faussat,  at  the  confliH 
ence  of  the  rivulet  of  Saint-Martin  with  the  river  catted 
tbe  Petit  Momi,  there  is  a  very  extensive  bank  of  suid 
Wed  with  fossil  shells  of  every  kind.  Tiiis  bank  is  five 
iBetres  in  height,  and  is  covered  with  sixty-five  centimetres 
of  Tegetable  earth ;  below  the  bank  of  shells  is  another 
of  yeUow  and  grey  sand,  which  is  almost  horixontai  and 
panlld  to  the  declivity  of  the  soil.  The  quarries  of  Eper- 
nay,  and  of  Dizy,  along  theMame,  furnish  nearly  themme 

*  Bnul^i  StatUtique  du  D^partement  de  I'Aube,  p.  6. 

t  DeKription  du  D^partement  de  la  Marne,  par  la  Soci§i6  d'Agriculture  ct 
<lttScleiieei  du  Dtpartemant,  p.  46,  et  suiv. 
t  Coquebert-Monbret,  Journal  dee  Mines,  No.  94»  p.  316. 
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Touraine. 


Remarks 
upon  the 
shells  io 
.Germany. 


fossils,  as  well  as  petrified  wood,  which  resembles  the  trae 
chesnut  tree.  In  the  cabinet  of  natural  history  at  Chalons, 
*  a  shark's  tooth  is  preserved  incrusted  in  chalk,  and  a  petri- 
fied echinus,  found  at  the  depth  of  twenty-seven  metres. 
All  the  plains  of  what  was  formerly  called  the  Isle  of 
France,  present  vast  banks  of  calcareous  and  sandy  stones, 
filled  with,  or  rather  composed  of  shells,  some  belonging  to 
the  kinds  which  inhabit  our  seas,  others  similar  to  those 
which  exist  in  fresh  waters,  a  circumstance  which  proves  a 
difibrence  botii  in  their  age  and  their  origin.* 

France  still  farther  supplies  an  example  of  one  enormous 
bed  covered  with  no  other  substance  than  shells.  I  allude 
to  the  neighbourhood  of  Touraine,  which  is  one  continuous 
bed  of  broken  shells,  of  about  nine  ancient  square  leagues 
in  superficial  extent,  and  at  least  20  feet  in  thickness.  Hie 
whole  mass  of  shells  is  estimated  at  170  millions  of  cubic 
toises.f 

The  other  countries  of  Europe  are  not  less  abundant  in 
fossil  shells.  Twenty  pages  would  be  insufficient  to  enu- 
merate the  places  of  Germany  where  they  are  found ;  but 
there  is  one  general  remark  of  the  German  philosophers 
which  is  highly  deserving  of  attention.  The  calcanMius 
rocks  of  transition,  and  the  schists  of  the  same  formation, 
in  the  chain  of  Hartz,  contain  only  zoophytes,  such  as  the 
madrepores,  millepores,  and  terebratulites ;  the  stratified 
rocks,  considered  as  the  most  ancient,  contain  also  zoophytes, 
belemnites,  ammonites,  encrinites,  pentacrinites,  in  a  word, 
shells  the  most  remote  from  the  actually  existing  kinds.^ 
On  the  contrary,  the  most  modem  calcareous  rocks,  those 
of  Mount  Bolca,  near  Verona,  and  the  hills  of  chalk  in 
'England,  and  Zealand,  inclose  kinds  approaching  to  those 
which  now  exist,  such  as  the  ostracites^  pectinites,  buccini- 
tes,  nautilites,  chamites,  and  others.^ 


•  Cuvier  et  Brongniard,  Geographie -Physique  des  Environs  de  Paris.    An- 
nales  du  Museum,  xi.  293. 

t  Reaumur,  M^moircs  de  I'Acad.  des  Sciences,  en  1720,  p.  404. 
X  Freislcben,  Observations  sur  Ic  Hartz,  ii.  81. 

*  Stcffens,  Beytrsge  zur  Innern,  etc.  p.  87. 
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The  north  and  south  of  Europe  do  not  yield  to  the  central    book 
parts  in  this  respect    The  calcareous  rocks  of  Roetwickt  in     "i* 
Sweden,  at  3000  feet  above  the  sea;  the  vegetable  earth  of^^^ 
Finland,  and  the  argillaceous  beds  of  the  islands  of  Norway,  the  north 
abound  in  shells,  some  whole,  others  almost  changed  into  ^^  ^^^^ 
earth.*  ^     "'*'** 

In  Italy,  we  see  near  Bologna  a  bed  of  sand  formed  of 
e$mua  animoniSf  which  are  not  one  line  in  thickness.f  In 
Greece  and  in  Spain  we  often  travel  over  nothing  but  shells. 
Kamond  has  found  them  in  the  Pyrenees,  upon  the  summit 
o( Mount  Perdu,  at  the  height  of  10,578  feet;  Lamanon,  in 
the  Danphinese  Alps,  at  7,446  feet;  Guerin,  upon  Mount 
Ventoux,  at  6,162  feet;  and  Saussure,  in  the  Alps  of  Savoy, 
at  6,104  feet;  it  may  be  affibrmed,  almost  with  certainly, 
Ibat  tiiroughout  Europe,  wherever  there  is  chalk,  there  also 
are  shells.:!: 

Every  thing  concurs  in  leading  us  to  consider  the  other  SheUf  of 
parts  of  the  world  as  perfectly  similar  to  Europe  with  re-  xfriciu 
"^t  to  the  abundance  of  shells.  The  vast' heaps  of  echini 
^hich  exist  in  Lybia,  and  in  Barbary,  have  been  described 
br  Shaw ;  and  we  know  from  Ro&mer,  that  they  are  found 
in  the  gold  mines  of  Akim  in  Gruinea.$  Mount  labanns 
u  in  a  manner  sown  with  echini,||  and  Mount  Carmel  with 
petrified  oysters.^  In  the  chains  which  border  the  Caspian 
Sea,  shells  are  found  even  at  a  height  above  the  region  of 
the  clouds.**  "We  see  beds  of  them  interposed  amongst  the 
rocks  of  Mount  Taurus  in  Caramania.|t  The  mountains 
of  China,  according  to  the  Jesuits,:!^:!:  are  covered  with  them; 

*  Bergmann,  Geograph.  Physique,  i.  287.    Linn^,  Pontopp.  Dan.  &c. 

T  Comment.  Bononienses,  p.  66. 

X  Faujas  Saint-Fond,  Essai  de  Geologie,  ii.  61,  66. 

^  Roemer,  Voyage,  &c.  p.  20.  (in  German.) 

\  Paul  Lucas,  Voyage,  ii.  380. 

'  Corn.  le  Bruyn,  Voyages  au  Levant,  ch.  59. 

**  Ksmpfer,  Amcenitat,  Exot.  430. 

tt  Figueroo,  Ambassadeur  Espagnol,  cit6  par  Leibnitz,  Protogea,  i  23. 

tt  Dincarville,  PbiloMph.  Transact,  vol.  xlviii. 
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andi  Sibcfia  has  offerad  ta the  RssMn  tniiwUers  not  cndj 
^^>^     oUdiKM)^  Ira*  fjritiBad  shMAf  and  afao  nmdrftpopeat^ 
'"""'"*'     TIM'  phiUaephical  traveller  Peron  has  aeeiirtlie  coasts  of 
T%w»rf  .New  Helland^  and  a^greatinaagr  other  oceanic  buids^ 
CMqK)8edr  in  a  goeai  BMNimire  of.  accumulatioBa  of:  mayuke 
testaceous  animals.  With  regard  to  America,  we  leam  frasi 
B4dn^  that  tiie  United  StateaandCanada  contain  enornuns 
Shells  upon  hods  of « cakovBOtts  DMiAter.    We  see  Admiral-  Narborough 
lera^^'^'*  seeUng  itt  vaiB^in  the.bi^>  of»  St.  Julian,  for  oysters  anale^- 
gqiiirtartbe>shciU»'Of  which  he  found  theneighbeimBg  roosii^ 
tainSf  ocoiiiosed;  and,  Imtiyy  in^the  centre  of  thai  hsni- 
fmhwrei:  ML.de  Hninholdt  peiata  outto  uathehif^'Chain  of 
4ift' Aiides  ;  covered  over  with-  ostracites  {petrified  oyster 
8lMtti>M)an  eloFatiMof  ISjiM  teeL 
FomU  'IA^  TMnains  of  other  sea^anioMtla.  are  less  abandant  ,*t 

^'^^'  next  to  the  testaceous  kinds,  fishes  are  the  most  frequent 
Tbe|h  Btm  found  in  Switaerland,  near  Glarus^  is  v^i*  slaty 
sohiatSrf.iBi  Gemaiqr,  in  marly  schisty  and  in  the  bitiBBinoiis 
anlait  i>f  .Pappenheim  ^  in  the  <>oppery  schist  of  Eisleben ;  ii 
the»  Htjafcang .sohist  of  Ochsungen;  in  Egypt  and  in  Syria: 
JBthajcakageoMs  rocka  upon  the  coast  of  Coromandel,  and 
iniefafireral  BMMwtains  of  China.^  The  place  whichhas fur- 
nished thagioeatsstnuinberv  is  Mount  Bolcar  near  Verona  in 

Fmaa  hasr  furnished  some  very  curiouaspecimens  j  there 
has^  heen  discovered  at  Grandmont»  at  four  leagues  from 
Baaune^.  in  Burgundy,  a  fish  in  a  mass  of  grey  calcareous 
haid.stone^  Another^  which  was  10  inches  10  lines  leng» 
has  also  heen  found  in  a  solid  hed  of  stone,  at  17  feet  depth, 
at  Nanterre^  near  Paris. 
FoMii  fish  These  are  the  only  two  examples  of  this  kind ;  the  other 
ttnt!^'  fossil  fish  hitherto  discovered,  not  bein^  incrusted  in  the 
mass  of  the  stone,  but  in  the  more  recent  layers.    The  fish 

*  Georgi,  Description  de  la  Russie,  iii.  599,  &c.  &c. 

t  Humboldt,  Tableau  des  Regions  Equiooxiales,  p.  126,  127. 

%  Scheucbser,  Piscium  Querelie  et  Vindice,  Zurich,  1708.  Knorr,  Lapldc:^ 
Diluvii  Testes.  Nuremberg,  1749.  Tab.  17,  18.  Gessner,  de  Petrtficatis.  cap. 
27,  p.  60,  <idit.  de  1759. 
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of  iMntorr&ftppMmtO'  botong  tx>  the  tribe  of  cerypbettes,  bmk 
kM»  doritar  to  vOmch  Vtve  i»  the  eqiuitoriitf  0eas««  Other  ^"* 
fiMRt  fidv  bKVB  beiii  fomnl  «t  Montmarti^  md  at  the  vil-  "' 

hge  of  DevqF-LMnmCy  in  the  department  of  the  Ardtehe. 

Tile  gh99ap$ltm  we'  AwtW  teettir  (s^uoiio  iiNUfiiiiiMf))  cussope* 
a&d  are  found  almost  everywhere,  even  adhering  to  the^'*' 
maMmy^  botte.t  The  caleareoM  rocks  which  border  all 
the  ooasli  of  tie  lieditorrauean,  tdlbrd  them  in  great  qam^ 
^ii»;  tlMy  gre  finquent  ili  ttvoftia,  in  tiiie  hiHs  of  Mount 
CaI,  and  iwthe  ^tmp  shores  wtfich  fom  the  margin  of  t]ie 
TMnrofSHhRia. 

TheriBh^tiloufgii  tKere  are  some  also  ibuad  in  cdcawoos  General 
mLaaAin  ftwsfM^  deem  to  have  been  enveloped  chieiy'^"'"^* 
by  the  forfltattowoP  the  marljr  scHats;  ttnt  is  it  to  the  oil 
omUm&thf  tbeiHi, Untsoni^ of  these sdtlflto  owe  their 
hamniaj  and^  otiMnitheiif  uriuona.' odour  i    This*  opinionr  of 
Vapm^  merite  examination. 

itr  apfOflan  thatr  ampfaibiooe  aaimAlsv  diA  not  exist  in  a  Amphibia' 
gieatf  Miriieiv  ttUr  alter  the  age  it^  wiucfa  ti»  IMhea  wero''"*^'''"^"' 


podaeed*  Gray  flrii^  homeyt^f  occor  at  Pappenfaeimy 
OkfUfl,  Terona^  and  in  other  placee  by  the  side  of  liie  fishes* 
Attentfxe<  toHbise  waa  fimnd  in  the  soft  stone,  nAr  Ber« 
Kngeft^  I^  ^^  e»fiimiB«or  Bvussels^  of  Aiat,  in  Provence, 
and  iA«#ie  quarries  of  the  gt«at  GhaNnn^  near  Paris,  difi* 
fcnit  kinda  of  foesil  tortoises  have'  been  met  with;$  but 
ttemosT  remartmbte  ampfaAbioua  reaMBdna  are  the  differsat 
kiads  of^Mawtoy  tliat  are  commonly  csfled  fmU  orondOUt  f^j^^/"^~ 
thotti^  it  has  been  demonstrated  that  they  are  of  a  nalure^^ 
mry  diflbreni  frMi  that  of  like  crocodiks,  and  partly  of  a 
^eciw  m  ygt  uidtn«wn.||  Hie  coppery  schists  of  Thnrin- 
gia,  fiundah  specimens  in  considerable  numbers  f^  and  they 

*  Fai^^XMBi«d«Oi«lHte»  tome  i.  diBp.  iv.  et  les  Annales  du  Mutduni* 
t  Leimhi^  Pipioget».  f  26— 31,  Tab.  vi.  Tii.  et  Im  Dissertations  cittes  par 
Bcnnuid,  Dictioonaire  dee  FoesileS|  au  mot  Olo$$opetra. 
X  Bergmanoy  O^og.  Phys.  i.  276. 
k  Faujaa,  G^ologio,  i.  U7. 
I  Copier,  Anoales  da  Mufiftum,  jcii.  ISf  145,  &t. 
^  MiscelJ.  Berolinens.  1710,  p.  103» 
vol.  I.  18 
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BOOK  are  found  at  Ekton,  in  Englan^y  imbeddod  in  ibe  elay; 
^^^*  but  the  most  celebrated  are  those  which  have  been  dim- 
yered  in  the  vast  qaarries  of  Maestrichty  beneath  a  great 
calcareous  mass.  The  marine  fossil  animals  are  in  a  great 
measure  foreign  to  the  coast  of  those  countries  where  they 
have  been  found  buried. 
These  ani-  The  Abbe  Fortis  has  discovered  that  the  petrified  fishes  of 
]^\' ^'^  Mount  Bolca,  in  the  Veronese,  had  their  corresponding  living 
species  in  the  seas  of  Otaheite.*  According  to  lanneus,  the 
porpites  of  Gothland  appear  to  be  petrifactions  from  the 
medusas  of  India-f  The  madrepores,  so  abundant  in  the 
frozen  solitudes  of  Siberia,  exist  onlj  in  the  equatorial  and 
tropical  seas.  The  greater  part  of  the  petrified  shells  that 
are  found  in  England,  are  now  to  be  met  with,  occupied 
by  living  tenants,  only  in  the  Atlantic  Ocean,  towards  the 
coasts  of  Florida.:^  Dicquemare  found  near  Havre,  a  shell, 
which  is  now  seen,  in  a  living  state,  only  at  Amboyni.$ 
Scheuchzer  has  given  the  description  of  many  of  tlie  fossil 
shells  of  Germany,  which  do  not  exist  in  a  living  state  in 
our  seas,  or  perhaps  in  any  quarter  of  the  globe.  It  ap- 
pears, beyond  doubt,  that  the  animals  of  several  fossil  shdls, 
«uch  as  the  ortho-ceratites,  the  ammonites,  the  gryphites, 
the  judaic  stones,  several  echinites,  and  others,  do  no  longer 
exist,  or  exist  only  in  the  unfathomable  depths  of  the  sea. 
The  banks  of  these  kinds  of  fossil  shells,  are  called  pete- 
Peiagian  giati,  whilst,  under  the  name  of  littoral  bankg,  are  desig- 
ba^s?^'^^  nated  those  containing  indigenous  shells  deposited  by  die 
present  sea. 

We  cannot,  however,  with  confidence  assert,  that  there 
are  any  of  them  to  which  the  living  species  bear  a  perfect 
resemblance. 

But  can  this  observation,  which  holds  so  generally  true 
in  Europe,  and  the  north  of  Asia,  be  extended  to  Afncay 
South  America,  and  New  Holland?    Do  we  find  there 

*  Jou^al  de  Physique,  1786.  Mart,  page  162. 

t  Linnsus,  Amonitates  Academics,  i.  p.  91. ;  iv.  tab.  3. 

X  Kalm,  Dissertatio  de  Ortu  Petrificat.  p.  7. 

4  Journal  de  Physique,  1776.  Janyier,  p.  39. 
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the  flkdb  and  fishes  of  our  northern  seas  ?    To  this  ques-   book 
tion  no  satisfactory  answer  can  yet  be  pven.    The  testa*     **'• 
ceons  fossils  that  occur  in  Lybia^  resemble  the  marine  ani- 
nalsof  flie  gulf  of  Arabia;  but  we  are  assured  that  at  Fez, 
in  Morocco,  both  European  and  American  shells  are  fre- 
quently found  mingled  together.* 

Many  singular  circumstances  are  connected  with  these  Remarka- 
mmuments  of  the  history  of  our  globe.  The  petrified  and  slance^"'* 
perfectly  preserved  shell  is  often  found  close  by  the  side  of 
wreral  others,  calcined,  worm-eaten,  and  destroyed.  H^re 
the  beds  of  the  i^ells  lie  horizontally,  with  the  concave  part 
iipmo0t»  and  without  any  foreign  mixture;!  there,  as  is 
ti^  case  near  Uddevalla,  in  Sweden,  these  remains  are 
found  in  the  midst  of  fragments  of  granite,  of  sand,  and  of 
day,  jumbled  together  in  the  greatest  confusion4  Some 
fishes  hare  been  forcibly  and  suddenly  enveloped  in  the  sub- 
stance ¥^ich  contained  their  impression,  or  their  cast  in  pe« 
tri&u:tion.$  We  can  still  perceive  the  violent  and  convul- 
sive  contortions  into  which  these  animals  had  thrown  them- 
sdves  to  escape  the  terrible  catastrophe  of  which  they  are 
<fae  monuments.  Iti  some  places,  the  proximity  of  these  re- 
mains to  a  variety  of  minerals,  present  singular  appearan- 
ces; at  Jarlsberg,  in  Norway,  muscles  have  been  found  in 
a  mine  of  loadstone,!!  and  petrified  shells,  with  adhering 
flnreads  of  gold  and  sUver,  have  been  met  with  in  England 
and  in  Siberia.  The  most  uncommon  objects  of  this  kind 
appear  to  be  the  muscles  that  occur  in  cinnabar,  completely 
filled  with  that  metal.ir 

Thus,  before  our  stratified  mountains,  and  the  metals 
ivhich  they  contain,  were  formed,  before  the  fragments  of 
these  mountains,  uniting  together,  produced  rocks  and 
earths  of  accumulation,  the  globe  must  have  been  covered 

*  Bon^uety  Traitfi  des  Petrifications, 
t  Kalniy  TraTels,  &c,  i.  292,  (en  Su^ois.)  , 

X  VITallerias,  Diiseitat.  de  Collibot  Uddewvallensibus. 
I  Voyez  Fitcium  %tterela  et  Vindiciv,  par  Scheuchzer,  &c. 
P  CroBBtadt,  Min^rologiey  p.  224.  (en  Su^d.) 
?  Bergmann,  G§og.  Phys.  i.  301. 
18 
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BOOK    ill  a  great  measure^  and  ai  diArent  period^  i 
^11*    the  waters  of  the  ocewi^  gonethnes  wiHi  a  ho^  ef  freah  wa- 

""-""^  ler,  and,  lastljTf  with  sereFal  flaidB  of  a»  aniaiowB  Mdm^ 
impregnated  with  rahstancea  which  haTe  ODTidopeA  Hn  ma* 
dreporesy  the  sbelis  of  mariney  and  of  freril  water  awiniilnj 
and  the  fishes^  whose  petrifactions  or  imprssaiowi  isa  lad 
heaped  up  one  ?hoy%  another.  In  tiieiinnianaa  anocaaaionQC 
ages  which  these  tranquil  formations  required^  intemfM 
from  time  to  time  by  Tiolent  rerolutionsy  it  appears  etllMr 
that  the  mammiferoos  animals,  tiie  birds,  and  the  graat  oo> 
taceous  tribes  did  not  yet  exist,  or  that  they  exiated  m  a 
situation  which  secured  them  against  the  eflbcts  of  those  ca- 
tastroplies  which  buried  the  countless  geoeratioBS  off  the 
lesser  sea  animals  in  the  bowels  of  the  earth. 

Remains  of    There  faavo  not,  at  least,  been  found  any  remaiaa  of  Oe 

an^maisr  fl^Ammiferous,  nor  of  the  cetaceous  race,  decidedy  covered 
over  with  a  reg^ar  stony  bed.  The  instance  of  the  boas 
of  an  elephant,  found  under  a  calcareous  bank  in  Ei^^d, 
requires  to  be  more  completely  verified.*  The  fossil  teeth 
of  the  tricheeus  ro$man9f  found  in  Eastern  Siberia,  and  tiie 
skeletons  of  whales  discovered  at  <^iebeG,t  and  atTMedal 
in  Norway,:}:  were  lying  in  beds  of  moveable  earths    Fetrir 

Birds  and  factions  and  impressions  of  insects  and  UriSf  are  leas  can- 

insects.  ^^^^  ^Qj  seldom  very  distinctly  marked.  The  aceoMite  of 
honey-combs,  petrified  with  bees,  lava^  and  eggs,  fouad  in  a 
cavern  of  Upper  Egypt,  requires  additional  eonfinnation.$ 
The  oldest  remains  of  birds  are  met  wHli  ha  Ust  mariy  sdusts 
of  Pappenheim  and  (Ehningen.||  The  others  are  in  general 
only  incrustations  of  calcareous  tufo,  and  consequently  of 
the  last  age  of  geological  i^volotions.5[ 

Remains  of     We  proccod  now  to  examine  the  remains  of  quadrupeds; 

^ds?"      tiiese  we  found  accumulated  in  regions  where  similar  aai- 

*  Pennant's  Works,  xv.   158,    Comp.  CuYier,  Mteoirat  sur  let  Etepbtn* 
Fossiles  et  Vivans.  Annal.  du  Mus€um,  ▼Hi.  41. 
t  Kalm,  Voyage  d^AmArique,  ke.  iii.  «4T,  (en  SoM.) 
X  Pontoppidan,  Hist.  Nat.  de  la  Norw^ge,  i.  63,  (en  lAn.) 
i  Lippi,  M€m.  de  rAcad4mle  ^  Paris,  1705. 
II  Scheuchzer,  Vindic  Piscium,  tab.  2. 
^  Bergmann,  G^ograph.  Pbysiq.  i.  275. 
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oiib^ftiMt  4I0W  eiiflft    Seme  are  buried  deep  in  beds  of  book 
gffttmf  «l  the  kinds  new  mknowiiy  and  vbich  Cuvier    ^^'* 
■ay  be  mM  to  ham  iMuseitated^  namely,  the  pai«9therium  ''~~^ 
f  ad  the  anoplolikeriifm,  with  tfieir  diflbrent  varieties,  found  i8t,ingyp- 
Ji  bada  of  g}rpsHm  inlihe  environs  of  Paris;*  others  are^""*' 
omI  irtHi  ki  beds  at  sand  or  marahy  ground,  as  the  greater 
part  of  the  banes  of  elephants  $  the  mtgalomfx,  an  ani- 
Md  mknown,  but  6t  Ibe  tribe  of  sloths,  having  the  sbajjie  2d,  in  the 
ofaa  oi^  and  found  in  Yir^diajf  and  the  me^a^Amum, '"^''^^'* 
teovend  near  Buenos  Ayres,  and  which  joins  te  a  char- 
actar  approaching  that  of  the  doth,  the  bulk  of  a  rhi- 
MceroB.^     There  are  some,  indeed,  which  present  them- 
nlvea  to  view,  accumulated  in  vast  caverns,  and  destitute  3d,  in  the 
of  any  mvelopef  it  is  thus  that  the  fossU  unicorn  has ''^''''"'- 
kun  ftnmd  fai  the  caverns  of  Harzdorf  and  of  Baumann, 
iadie  mmintain  of  Harts,  and  the  fossil  hear  in  those  of 
OMhwreuth  and  of  Maggendorf,  in  the  country  of  Ba- 
Miiuf    Vhe  fbsstl  rMiains  of  this  genus  are  not  less  ge- 
mmliy  wietoded  over  the  glebe  than  those  marine  animals. 
The  fisM'dephanif  wUch  is  of  a  kind  as  different  from  Fossil  eu 
ttat  ^  >Iodia  and  Afriea,  as  the  horse  is  from  the  ass,||  has  p^^°'' 
M  pMMift  ^  its  ancient  existence  in  all  Europe,  in  North- 
am  Ada,  and  in  fte  New  World.  *  We  know  that  Siberia  in  Siberia. 
mmudly  eaqporfs  a  eonaiderable  quantity  of  fossil  ivory  ^ 
a  solataace  which  abounds  very  much  in  that  country. 
It  li  almoM  dwayu  seen  where  the  water  of  tiie  rivers  un- 
famine  ^e  light  soils  wUch  form  their  borders.    The 
\dl  Laehoff  situated  to  the  norlli  of  Siberia,  are,  ac- 


^  Ciifisr,  M6^  tur  les  os  Fossiles  de  la  Pierre  i  Platre  des  Environs  de 
Paris.  Annal.  du  ikuseuoi,  iii.  275,  364,  442. ;  iv.  66. ;  vi.  253. 

t  Id.  ibid.  ▼.  358. 

t  Id.  ibidy  V.  376.  Description  des  os  de  Megatberiom,  par  Bru,  ibid. 
38a. 

I  Blumenbachi  Specimen  Archssologi*  TeUuris,  1.  c.  id.  Manuel  d'Histoire 
NttureUe,  696,  (en  AU.) 

I  Cofiery  Sur  les  Eliphans  Vivans  et  Fossiles,  Annal.  du  Mus6un],  viit, 
965. 

1  Momotova  kosti,  c.  4.  d.  os  de  Maoimout  ou  Momot.  Momotora  est  le 
C^nitif  pluriel  en  Russt. 
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BOOK    cording  to  a  modern  traveller^  only  heaps  of  saii4  ice,  and 
XII.     bones  of  elephants  and  rhinoceroSf  mixed  with  those  of 
great  cetaceous  animals,  and  even,  agreeably  to  the  latQit 
accounts,  with  the  remains  of  gigantic  birds. 

There  have  even  been  found  in  Siberia,  whole  carcases 
of  the  elephant,  which  is  named  numot  or  mammoth,  co- 
yered  with  their  flesh  and  skin,  preserved  by  the  frost 
Fossil  eie-  which  prevails  in  these  regions.*    In  Europe,  it  is  Genaa- 
eITioI^.'"  ny  which  has  furnished  the  greatest  number,  <<  because," 
says  M.  Cuvier,  '<  it  is  in  this  empire  that  there  is  no  can- 
ton without  some  well  informed  person  capable  of  makii^ 
researches,  and  publishing  whatever  is  interesting  in  his 
discoveries."    The  skeleton  of  the  elephant  found  at  Tonna, 
in  Thuringia,  was  imbedded  in  a  sandy  marl,  covered  over 
with  layers  of  calcareous  tufa,  which  in  that  country  ilk 
the  cavities  of  calcareous  stratified  earth.f    In  France,  a 
great  many  bones  of  the  elephant  have  been  met  with  since 
the  discovery  of  those  in  Dauphiny,  which  were  taken  at  first 
for  the  remains  of  a  giant,  or  of  Tentobochtis,  king  of  the 
Teutons,^  until  the  appearance  of  those  bones  which  were 
lately   discovered  in  the  forest  of  Bondi,  and  whidi  are 
buried  deep  inn  black  earth,  covered  over  by  sand  mixed 
with  clay  and  marl.$    Italy  has  furnished  a  harvest  almost 
as  abundant  as  Germany.    The  other  countries  of  Europe 
are  not  without  them,  England  contains  severaL    Ostro- 
bothnia  supplies  us  with  one  specimen.    K  we  pass  the  At- 
lantic Ocean,  the  New  World  presents  three  tracts  of  land 
In  Iceland  in  which  they  are  found.    In  Iceland,  one  tooth  of  an  ele- 
and  Amen-  pbant  has  been  discovered.||    North  America  contains  some 
scattered  bones,  and  several  have  been  brought  from  the  up- 
land plain  of  Quito  by  Humboldt^! 

*  Adams,  Voyage  k  la  Mer  Glaciale,  Annal.  du  MusCum. 
t  Freiileben,  Description  Mineral,  du  Canton  de  Burg-Tonna,  dans  le  Ma- 
gasin  de  la  Science  du  Mineur,  vol.  z.  p.  61. 
I  Faujas,  Anna),  du  Museum,  ii.  34. 
4  Cuvier,  Annal  du  Musium,  viii.  21. 
||  Bartholin,  Acta  Medic,  Hafn.  i.  83. 
^  Humboldt,  cit6  par  Cuvier,  Annal,  du  Mus.  viii.  57, 
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Next  to  the  mammoth,  or  fossil  elephant,  we  should  men-    book 
tion  the  ma$todowte,  an  animal  nearly  similar  to  the  elephant,     ^^^* 
mi  like  him  graminivorous,  although  its  teeth  are  furnished  T| 
with  many  elevations.    This  animal,  which  the  Anglo- Ame-  donte,  a 
ricans  confound  with  the  true  mammoth,  of  which  there  are  ^^^^  ^"*' 
five  distinct  kinds,  all  unknown  in  a  living  state,*  has  left 
its  imposing  remains  upon  both  continents,  for  it  is  to  a  spe- 
cks of  mastodonte  that  we  must  refer,  amongst  others,  the 
{[rinders,  which  are  changed  into  turquoises,  found  near  Si- 
mom,  in  the  department  of  Gers,  and  which  had  been  at 
trst  attributed  to  an  elephantf    It  is  upon  the  banks  of  the 
Ohio  and  of  Hudson's  River,  in  the  United  States,  that  the 
hogest  remains  oflne  mastodontes  are  found ;  they  have  also 
been  met  with  in  Lower  Louisiana.^    Humboldt  has  disco- 
vered tiie  bones  of  another  species  in  the  high  plains  of  Qui- 
to, at  the  foot  of  the  volcano  Inibabura,  and  in  the  place  qal- 
kd  the  Fidd  of  ihe  Giants,  from  700  to  800  feet  above  the 
level  of  the  sea. 

The  fossil  bones  of  the  rhinoceros  and  hippopotamus,  be-  B<;nes  of  . 
long  to  species  different  fh>m  those  which  exist  in  the  pre-  hippopota-' 
sent  day.    They  are  often  found  in  the  immediate  vicinity  "^"^^  ^^- 
rf  tiie  remains  of  the  elephants.    The  most  remarkable  re- 
mains of  the  rhinoceros  is  the  head,  which  has  been  taken 
mit  almost  untouched  from  the  turf  pits,  on  the  Wiloui,  a  ri- 
ver of  Siberia.  Q.  ^^^. 

Amongst  the  fossil  animals  called  tapirs,  there  has  dimen-'^ 
been  fimnd  a  variety,  whose  dimensions  are  gigantic.  Some  "^°'* 
kinds  of  animals  now  very  small,  and  whose  weakness  leaves 
ttem  an  easy  prey  to  the  more  powerful,  appear  from 
tkeir  fossU  remains  to  have  once  rivalled  the  strongest 
animals.  Of  this  number  we  have  already  mentioned  two 
kinds,  approaching  to  that  of  the  sloth,  one  of  which  has 

*  CavMr,  Anna],  du  Museum,  viii.  412. 

t  CuTier,  Annal.  du  Museum,  oo.  14,  p.  132.  Faujas  Saiot-Fondi  Journal 
^  Pbynqu«y  1794.  Decembre,  p.  445. 

I  Peales*  Historical  Disquisition,  &c»  London,  1803.  Volney,  Tableau  du 
CUmat  des  Etats  Unis,  i.  100.  Cuvier,  sur  le  Grand  Mastodonte,  Anna],  du 
Muf^UD,  viii,  270,  tqq. 


280 


BOOK  VWBUTK# 


FosBiI  jre- 
roaint  of 
caraivo- 
rous  and 


BOOK   lieen  foand  in  Virginia,  «he  other  in  tiM  6i»4rons  of  S^ 
"'*    Ayres;  ihe  first  is  the  wegatmifXf^ill  the  «hiipe  4f  mi  4>i^ 
the  oth«r  the  megat^ermth  'v^hioh  has  the  ^noniioBg  of  w 
elq^ant.* 

We  cannot  enunm^toy  land  %y  lomdy^he  variow  aniMls 
of  vrhich  fossil  fragments  aye  to  lie^oand,  and  wa  akoffl  ab- 
atain  from  inquiring  whether  tiie  eamivoFona  awimiiliij  of 
^Q^'^)]"^  which  the  caverns  of  Germany  contains  so  many  TeBMia% 
are  different  from  the  bears^  the  lions,  and  the  liyenaa  of  the 
present  age,  and  from  any  attempt  to  veaahpe  the  daiMj 
%hich  stUl  remain  respecting  the  fossil  fragments  of  rami* 
noting  animids,  among  which  the  dk  of  ledand,  and  the  great 
bnifalo  of  Siberia,  hold  the  first  rank-f  The  variogalid 
marbles  of  Gibraltar,  Cette,  and  oilier  places,  exhibit  abo» 
under  circumstances  that  are  quite  inexplicafaie,  iiinnmeraUe 
bones  of  ruminating  animals,  analogous  to  the  Uving  fcinia 
in  Europe.  At  the  same  time  we  must  not  omit  to  mentkia 
the  curious  discovery  of  the  skeleton  of  an  animal  of  the 
Opossum.  opo89wm  kind,  foand  in  the  plaster  atones  of  4lie  ^ivukhis  ni 
Paris.  This  very  particular  apecies  is  now  no  where  to  he 
found  but  in  South  America.^: 

These  discoveries,  though  as  yet  scarcely  eoBiraencei, 
have  thrown  already  a  new  light  upon  the  reroMfioaa  which 
our  globe  must  have  undergone,  and  upon  tim  atatos  wUoh 
must  have  preceded  the  present  course  and  oonstlMion  of 
mature. 

How  many  species  of  animals  are  there  etftinot^  and  by 
what  various  revolutions !  The  animals.  Hie  mmains  of 
which  are  now  found  in  caverns,  evidenfly  appear  in  httvo 
retired  thither  of  themsdves  to  seek  shelter  from  some  and* 
den  revolution,  the  irresistible  violence  of  iiAieh,  notwith^ 
standing,  involved  them  in  general  deatmolkMii^  IVera 
they  flying  from  a  sudden  inundation  ?    Did  they  implore 

*  See  above,  p.  277. 

i  Cuvier,  sur  les  Os  Fossiles  dcs  Ruminans,  dans  les  Annal.  du  Museum,  x>j. 
333,  Mqq, 
%  Id.  ibid.  ▼,  277—292. 

^  Btumenbach,  Specimen  Archicoloj:»i5r,  rtr.  etr.  1,  c. 
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of  Aeie fiav«nis.yr«te(>tteii  fimn  time  fcMefiil  dtMdiMfir  s«k 
dwiite?  QrdM^iey-uae  Ami  mi  qhmcihio  4WBMteiei  far  >>** 
tte  nfidAr  wtenaent  of  ibcir  tedf  iMoomdiiig  to  tbo  w^ 
portadludiito^  tbedcfhantaof  iifriea?  in ^y<<iy iintiot^ 
iiie  almost  entire  state  in  which  mon]^  of  tteir  bonoa  mo 
feaod^^nd  jtha  natoirff  of  jhecakareoiia  talk  ^Mk  wUdhthe 
athfinMOfnuTQiinde^^Yidantly  sliew4heMBOBt4«to<of  Ihii 
last  imoliitiw  of  the  c|ob^ 


Tbo  anuaols  whose  irenuna  anefowd  Ia  aMh  gvmtiqM»'  on^  of 
titles  in  flj^nm,  arei^Dtmlly  of  ^one  aiiigfe  kte^  w  titdewt  ^|||q^|^ 
of  sue  tribe.    lUa  civciHnataMe  ocewa  #«lf  in  Ito  Mbmdk  Oypmim, 
or  iasidated  continents;  ik  wodd  henne  i^psaTf  4liat  Ibaaa 
aoinals  inbnbitad  amott  partionB  tf  Imd  whieh  atone  foaioi 
weie  enculphed  in  the  aea^ 

lie  U|^t  sails  which  fill  flie4M>ttQnia  of  Oe^^v^  milorisuiof 
vhidiMvor«hesnWhee4>f  gMotplnins,  have  SmMied  na^^Pf 
^th  the  «ingie  oidsiis  of  puvkUmmu  and  d^^hmt8,hmmthn\^f^ 
sf  eleyen  veoies,  naoalfy  a  rAtfioeeraiy  itw#  tippipf^iwfc  ""'^ 
two  ivar^  nn  sUfhamt,  and  five  9iMta^ofife8«t  ibU  HHia 
deyan  sgo&eB  am  now  «teelnte|y otrangaoa  toihnoliiiataa 
when  (thrar  hones  are  fiound.  11ieAvea»aotodon(tos4bNia 
can  be  considered  as  forming  a  genus  gfywato  and  iiii» 
knowi^hntTarynaaplsralUedtothntof  the  alaihant  All 
the  etlM^rs  beloqg  to  kinds  now  existing  in  the  torrid  zeMf 
and  jthaae  of  these  living  kinds  are  fisond  on  tbo  aik 
dent  continent,  namely,  the  rhinocerost  the  UwopotawN^ 
sad  the  elejihanta.  The  twutb,  that  of  tapir,  enists  «n|f 
is  the  nfiw#  The  -same  djstribntion  does  not  hold  m  to  fl# 
iomi  animals.  It  is  in  the  ancient  continent  that  the  benaa 
pf  the  tapir  bafve  been  dng  up;  and  there  have  beanipoiin 
bones  of  elephants  found  in  the  neWt  These  speeiei^  be* 
longing  to  known  f fncro^  difier,  notwithatondingy^wsantiriUr 
{ran  the  known  9fecmt  they  mast  therefore  be  considesnd 
gs  particular  species^  and  not  merely  as  particular  yaijetiesi 
The  subject  cannot  admit  of  any  dispute  as  to  the  snnU 

*  CuTier,  Annal.  du  Museum,  Ui.  386. 
i  Id.  Annales  du  Museum,  viii.  421,  sq^. 
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hippopotamus,  and  the  gigantic  tapir;  it  is  also  very  clear 

^^^'    with  respect  to  the  fossil  rhinoceros,  and  extremely  probable 

■""""*  as  to  the  elephant  aud  fossil  tapir.    The  great  hippopotamus 

is  the  only  one  of  the  eleven  quadrupeds  concerning  which 

there  remain  any  doubts. 

These  different  bones  are  buried  almost  every  where  in 
beds  nearly  alike.  They  are  often  mixed  in  confusion  with 
some  other  animals  as  nearly  resembling  those  of  the  pre- 
sent time.  These  beds  are  generally  light,  either  sandy 
or  marly,  and  always  more  or  less  near  to  the  surface.  It 
is  probable,  therefore,*  that  these  bones  have  been  envelop- 
ed by  the  last  revolution  of  the  globe.  In  many  places 
they  are  accompanied  by  the  accumulated  exuvis  of  ma- 
rine animals.  But  there  are  some  places  which  do  not  af- 
ford any  of  these  exuvie.  Sometimes  even  the  sand  or  tbe 
marl  which  covers  them  over,  contains  only  fresh  water 
shells.  Although  a  small  niftnber  of  shells  attached  to  these 
fossil  bones  indicate  that  they  have  remained  some  time 
under  water,  no  very  authentic  account  attests  that  they 
are  found  beneath  regular  stony  banks,  filled  with  marine 
shells,  nor  consequently  that  the  sea  had  covered  them  for 
a  great  length  of  time.* 

The  catastrophe  which  has  covered  them  over,  would  ap- 
pear then  to  have  been  a  great  but  transient  inundation  of 
ihe  sea,  if  these  bones  had  not  been  found  upon  the  top  of 
high  mountains,  where  the  present  sea  at  least  could  not 
have  reached  in  its  most  violent  agitations.  On  the  other 
hand,  these  bones  presenting  no  trace  of  having  been  roUed 
up  and  down,  occurring  only  fractured,  as  we  find  those  of 
our  domestic  animals,  and  sometimes  joined  together  in  the 
form  of  skeletons,  often  even  as  it  were  heaped  up  in  com- 
mon cemeteries,  clearly  demonstrate  that  tiie  catastrophe 
which  has  destroyed  the  living  beings  to  which  they  be- 
longed, must  have  overtaken  them  in  the  same  climates 
where  we  meet  with  these  records  of  their  former  existence. 
These  two  conclusions,  drawn  from  evident  facts^  destroy 

*  Cuvier,  viii,  266,  4J2. 
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the  hypothesis  according  to  which  the  extinction  of  these  book 
aninuds  would  be  the  immediate  effect  of  a  great  revolution  xii. 
of  the  temperature  of  the  glohe;  for  such  a  revolution 
would  have  still  permitted  tiiese  animals  to  seek  another 
babitation.  Nothing  besides  in  the  structure  of  these  ani- 
mals positively  announces  that  they  could  not  have  lived  in 
a  cold  climate;  only  the  quantity  of  nourishment  which 
such  huge  animated  masses  required,  and  their  numbers, 
poved  by  the  existence  of  the  carnivorous  kinds,  render  it 
probable  that  the  countries  where  we  find  their  remains, 
once  enjoyed  a  temperature,  if  not  warmer,  at  least  more  fa- 
Tonrable  to  vegetation. 

The  total  absence  of  human  bones  in  these  different  col-  Hammn 
kctions  of  remains,  proves  that  man  did  not  exist  anterior  ^^^'* 
to  (he  last  revolution  of  the  globe. 

Thus  have  we  hastily  surveyed  the  immense  series  of  the 
solid  substances  which  form  the  crust  of  our  globe,  from  the 
granite  summit  of  the  Alps  to  the  bottom  of  the  deepest 
mines;  and  every  thing  we  have  met  with  has  suggested 
tbe  existence  of  a  fluid  substance,  without  which  the  solid 
masses  would  not  have  experienced  either  those  decompo* 
sitionsy.nor  those  re-unions  of  which  we  have  perceived  the 
most  evident  traces.  Here  then  we  shall  close  our  geologU 
col  observations,  and  proceed  to  hydrdogy,  or  the  theory  of 
the  waters  spread  over  the  surface  of  the  globe. 
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QmiimMaim  qf  tie  Jimrif  ^  tkografkjf.    4^  Witm  m 

Of  watar  Wateb,  in  its  pure  state,  is  a  traMparant  tQid»  mittoat 
inimuL  eaioor  ar  aaieH,  and  yoaMsatng  gi«at  aiaMl^.  It  piwuits 
Madf  oadtr  tbim  fbrais^  aggr^gattaii,  as  a  solid  lAeail 
is  ite;  as  a  liquid,  when  it  is  calM  walsr;  and,  YmXiff  as 
a  'Wpaiir  w  ataMSplierfe  gas.  Water  ^a^M  long  vagardsi  as 
tm  akment,  bat.  amdeni  chendslry  rcckans  aaMmg  tti  1f<» 
ni|iis  tlm  diacqinry  of  the  elemenkarf  substaneos  of  wUA 
even  ovular  ia  conpostd. 

Vatiis  in  Ms  strte  of  pofity,  contains  8«  hmidr<rtk  paiii 
of  4n7gen  ^aa,  or  pare  air,  combined  witti  15  bnndratb 
potta  of  h]f«hnDgen  gas  or  bdammable  air;  bnt  y9%  ntttf  #*• 
daai«Qd^Mrtarpei«Mliypura,  as  it  genetafiybcMa  In  no- 
tation allioaonB,  cakarooos,  and  OMitaHio  parHdes^  atdda, 
and  sulphur.  Tba  air  is  dissoWod  by  iratsr,  iriilah  It4i»- 
aolves  in  its  turn,  and  in  a  still  greater  proportion.  It  is 
even  probable  that  the  whole  earth,  or  at  least  the  exterior 
crust  of  our  globe^  was  once  in  a  state  of  mechanical  or  che- 
mical solution  by  the  agency  of  an  aqueous  fluid.  We  wish 
to  pursue  a  course  independent  of  all  system,  beginning 
with  those  circumstances  which  are  most  easily  observed, 
and  advancing  from  the  smaller  to  the  greater  objects. 
Spriask  Springs  are  so  many  little  reservoirs,  which  receive  tiidr 
waters  from  the  neighbouring  ground,  through  small  lateral 
canals,  and  which  discharge  their  excess  either  by  overflow- 
ing or  in  some  other  manner. 

The  origin  of  springs  cannot  be  referred  to  one  exclusive 
cause :  nature,  simple  in  her  general  laws,  avails  herself  of 
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I  great  vurwtj  of  maana;  tbiia  the  pvecipitatiaiii  oC  atnas^   bmk 
^oric  ¥apeimy  the  disaolving  of  ice»  the  fittering  of  sea    ^'^ 
vatflrsp  afld  tbe  raploskm  of  subterranfiouaTapoiiiSi,  all  c<mih 
»r  ia  the  fomalion  of  s^ngs.^ 

Blomtanfl^  as  ia  akviousto  the  most  su^vfiouJ  akaarvet^  Vapoun 
ittract  the  &g8  and  clouds  wbiob  float  araiiii4  thoBii    AsSju^ 


be  cold  IB  iiiGBeased  in  pvoporkioB>  to  tha  kioieaaa^^  aC  elePM^^^n^^* 
tioo»  it  BeceaBaiily  foUo^a  that  aioisa  aaow  miiflt  fidl^  and 
■ore  Witt  ha  formed  o«  the  Bjoanteiiw  than  an:  Urn  ptiiawi 
rhsaa  ara  the  twa  frindpal  apfaraat  causea  uriiiih  coairi** 
bvte  ta  aatovaite  moontaias^  witti  the  water  whiek  flows- Amk 
Umdi  in  all  dimdiaiia.  Bat  ane  those  the  ovU^.  aaaaesi^ 
^  wa  tia  bdieva  tfaaltttaosa  exteasirec^  lahea  which  ana  met 
with  at  aonsiderMe  elavatioQ8»  and  the  glaciers  which  oomto 
the  A^»  have  been  gvadlMiily  foraied  by  the  vain  aod 
snow,  or  mast  we  admit  tfaatfvaft  tbe  origin  of  thtaga^  at  the 
pwied  whan  eaBteasiw  crystalUzalioas  took  ptece^  the  watea 
uitod  itadf  by  a  kind  of  ekcttTe  atlraclioa  to  certam 
soketaiioes^  ia  prefereaoe  to  tbe  rest  of  tbe  earths? 

The  fifplaioii  of  the  anciaats  and  of^  Descartes^  who  attei*  Ftitradoii 
biitei  tha  origia  of  springs  to  tbe  ftltratioii  of  tbe  watacsr  of  ^rr^  ^ 
the  8e%  la  not  entirely  groundless*  It  is  tnie^  that  aU  ran* 
mng  waters  have  their  sources  far  above  tbe  level  of  the 
sea.  The  direct  filtration  of  sea  water»  can  take  place  no* 
where  emotpt  in  pools^  which  are  separated  from  the  ocean 
only  by  flat  and  sandy  grounds  But  tiie  jdienomena  of  ca-* 
plbry  tubes  may  obtain  in  the  interior  of  tbe  earfli.  The 
aeawat«ns»  deprived  of  their  salt  and  bitter  elements,  may 
aacend  through  the  imperceptible  pores  of  several  rocks^ 
bem  iriaehy  beimg  disengaged  by  the  beat^  they  will  form 
those  sahterranaoQs  vapours  to  Which  many  springs  owe  their 
origin^  We  amy  here  quote  the  example  of  the  Chartrea:^ 
whiv  seeing  their  springs  dried  up,  and  learning  that  thick 
vapours  were  observed  to  ascend  from  a  neighbouring  quar- 
17  newly  opened,  they  bought  the  quany,  cbsed  it  up, 
and  behdd  their  springs  reappear.f    A  similar  occurrence 

*  BergmanDy  Q€ographie-Phy8ique,  i.  325—334. 
'^  Ferraultf  CEuvrcs  Divertes,  p.  810. 
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BOOK  happened  in  Sclavonia.*  The  cliange  of  the  saline  matter 
XIII.  in  sea  water  is  satisfactorily  proved  from  the  diminution  of 
the  saltness'in  the  springs,  which  evidently  originate  from 
such  filtrations*!  The  fresh,  as  well  as  the  salt  springs  in 
Bermuda,  rise  and  fall  with  the  ebb  and  flow  of  the  tide.^ 
Filtration  It  was  formerly  thought  that  rain  water  did  not  pene^ 
water.  trate  to  any  great  depth  in  the  earth,  but  was  entirely  ab- 
sorbed by  the  first  strata  of  the  soil,  and  that  it  fell  in  too 
small  a  quantity  to  afford  supplies,  either  to  torrents  or  to 
rivers.  But,  if  we  observe  the  disposition  of  those  strata 
which  compose  the  surface  of  the  globe,  we  shall  find  them 
all  more  or  less  inclined,  overturned  and  cracked^  from  the 
numerous  convulsions  which  they  have  undergone,  or  from 
the  manner  in  which  they  have  been  formed.  The  rain 
water  flows  rapidly  through  the  interstices  and  cracks  of  the 
uj^r  strata,  and  does  not  stop  until  it  arrives  at  the  clayey 
part  of  the  soils,  which  is  the  general  termination  of  its  fil- 
tering, and  forms  its  natural  reservoirs.  Observation  has 
also  proved,  that  rain  water  filters  down  to  very  great 
depths.  In  the  coal  mines  of  Auvergne,^  it  has  been  seen 
to  penetrate  as  far  as  250  feet  In  Misnia,  a  town  and  dis* 
trict  of  Saxony,  called  also  Meissen,  rain  water  has  been 
observed  to  distil  in  drops  from  the  roof  of  a  mine  1600 
feet  deep.|| 

The  snow  and  ice,  it  must  be  admitted,  in  some  conn* 
tries,  produce  a  greater  quantity  of  running  water  than  the 
rain,  the  dews,  and  the  aqueous  vapours.  But,  in  order  to 
conceive  how  much  the  slow  and  gentle,  but  uninterropled 
influence  of  these  latter  agents  contribute  to  the  formation 
of  springs,  we  have  only  to  consider  Apulia  and  other  pen- 
insulas, almost  destitute  of  running  water,  because  Aeir 
mountains  do  not  constitute  a  mass  sufficient,  either  from  its 
elevation  or  its  bulk,  to  attract  and  retain  the  aqueous  va- 

*  Bergmann,  ibid.  331. 

f  Lulof,  Giog.-Physique,  k  358. 

f  Norwood,  Philosoph.  Transactions  abridged,  ii.  298. 

4  Le  Monnier,  Observations  d'Hist.  Naturelle,  p.  194. 

jl  Muschenbroek,  Instil.  Phys.  f  894. 
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pours  of  tiie  atmosphere*    On  the  same  principle,  that  it  is    book 
from  the  sea  flie  atmosphere  exhales  its  water  in  the  gaseous    ^iii> 
form,  it  is  easy  to  explain  why  the  interior  of  many  great  — — 
contin^itSy  such  as  Africa  and.  Asia,  contain  such  barren 
deserts.    If  the  two  Americas  are  more  abundantly  water- 
ed, they  owe  it  to  the  extent  and  elevation  of  their  moun- 
tains, as  well  as  to  the  continuity  of  their  declivities. 

The  vi^ater  which  circulates  on  the  surface  of  the  globe  JJ^®"  of 
^  generally  no  other  principle  of  motion  than  its  ownwaur. 
specific  gravity,  and  the  declivity  of  the  earth.    It  is  this 
dedivity  which  carries  it  from  mountain  to  mountain,  from 
valley  to  valley,  until  it  falls  into  the  basin  of  the  ocean. 

The  spauHng  springs,  which  sometimes  form  natural  Spouting 
jets  of  water,  follow  the  same  rules  of  equilibrium  as  the*^^"^ 
o^TSt  except  that  the  canals  which  furnish  them  mth 
water  come  from  great  elevations,  and  with  a  rapid  descent* 
Waters  thus  carried  into  a  subterraneous  reservoir,  finding 
themselves  closely  confined,  burst  forth  in  consequence  of 
the  pressure,  just  like  those  water  spouting  fountains  and 
works  with  which  art  embellishes  our  gardens.  Springs  of 
hailing  roalerf  which  appear  to  accompany  the  volcanos>  pro- 
hably  obey  the  same  laws.  A  French  naturalist,  however, 
is  of  opinion,  that  the  majestic  phenomena  of  the  spring 
called  the  Geyser,  in  Iceland,  were  produced  by  subterra- 
nean vapours,  which,  suddenly  bursting  forth,  raise  an  im- 
mense body  of  water  resembling  the  ancient  crater  of  a  vol- 
cano.* But  it  is  more  probable  that  this  spring  receives 
its  waters  from  the  neighbouring  heights. 

•  The  tntermiiting  fountains^  particularly  such  as  rise  andiotermit- 
iaU  at  regular  periods,  so  excited  the  wonder  of  the  people^  rioSicL^* 
that  they  give  them  the   name  of  miracu/<ms  Jtmviains.^^^^^^^* 
The  periodical  fountain  of  Como  in  Italy,  has  been  describ- 
ed by  Pliny;  it  rises  and  falls  every  hour.f    There  is  an- 
other in  the  town  of  Colmars,  in  Provence,  which  rises  eight 
times  in  an  hour.    There  is  one  at  Fronzanches,  in  Lan- 

*  Delamgtheric,  Tbeorie  de  la  Terre,  iv.  309,  (2d  edit.) 

'  Pliny,  i.  ii,  c.  103.    Scheuclizer,  Hydrograph,  Helvetica,  p.  126. 


BMK  gttedoCr  tike  popfaid  of  wlM«eytsiiigi»  each  A^pfifl^ 
""*    l>lwrtlnmthepBweiiagd>y>»    Tb^fwmi^jbMfaiii^oi 
ifNHl  finwiPoiitariier  to  l^ouilloiH  io  Fniiidi9-€!«HU|  i 

BnMtv  tlww  i8<  B  iPdk  7^  fettt  froiBD  tl»  SBfl^  ^leb  8^ 
theflo\v^ndii£wftMibtEiDebliiiig«ftb»8eait  EaglaiidAir- 
mUKM  nmMf  in  nf  lea  of  these  spnngBy  oie  finpticaUify 
MW  TbrlwPfV  ig  liiiPWiiiBlute»  andi«no  at  BiKti%  m  Borby^ 
fliitoe^  JHccosfiag  to  Gniiler^  thcro  16  qm  atBagitfal!^  in 
ttoculMefBeiae^wUoh.faas  aiAiiittmtetmiBri 
aiid4HBMHy4  liR*oeall<1lMswldbdB)Qf  8priii88,oriHiddi 
nNMPf  Bono  exaoqdeB  Might  bB«idiioed^mie'  odnbils  m  pcr- 
ftedy  rtgidbH-  CMTBO.  nwBe  springs  are  attcouBtod  Inr  by 
saq^posiiig^  that  iti  the  buidn  tHMsre  tiiey  «0  sitaatod,  tinm 
am-MMrfoirs:  ami  eamlMting  pipev  in  ttrrfonn  oft  ajphon^ 
]tii»fiirlra|»r  uimacMBavy  to  eaqplabi^  tbat  Hw  liquid  begins 
tb»  flbw  llBtragb  the  sypbioB  as  soon  ni  the  sarteceof^ 
iw  wMob  en»eiid  of  tbrtnbe  is  plaoed^  on  » leiMA  witfe  fbe 
oarmtave  of  tiie  two  branches ;  andf  Hio  flowing  centhmas  as 
hmg  as  the  iaiA  keeps  above  the  orillce  of  tttebnadior  end 
insevtod-  in  it.  The  monent  the  oiMce  ceases  tO'beiminenk 
ed  i»  the  llqnidy  the  flowing  ceases*  and  it  reconnnenoes  aa 
seon  as  the  reservoir  is  flUed  to  the  lerel  of  the  bending. 
With  FBspect  to  the  reservoirs  which  supply  these  fiNmtains^ 
dreQgh<9  ndn,  and  tbe  nvelttng  of  the  sno^  may  so  tfbet 
flieBH  as  to  render  fliefar  periodical  return  mem  or  less  negn- 
lar.  The  connection  subsisttng  between  the  gnater  er  less 
hmnidtty  of  liie  atmosphere*  and  the  itaerv^oirs  of  intennit- 
tbig  fimntains,  jastfAes  to  a  certain  degree  the  conjeotures 
w4i]eh  ase  sencttmes  fonnedr  ft<em  the  movenmats  of  these 
springs  an  to  tbe^natore  of  the  arppreachhsg  seBson,  osnfec- 
Fountains  taKs  wUch  havo  given  to  some  of  lliem  tte  names  of  ikmn- 

*  Astruc,  Histoire  Naturelle  de  Languedoc  et  de  la  Provence, 

t  Journal  de  Tr^voux,  1728,  Octobre. 

t  Scheuchzery  Iter  Alpin.  26,  ii.  404. 

^  Kanty  Geograpbie-Ebysique,  ii.  part,  2.  p.  224. 
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It  is  Dfttiiral  to  iniAgiiie^  that  maiiy  channds  of  water  not  book 
ibdiog  any  other  anitabk  outlet,  flow  into  sabterraueons  x™« 
ctTities,  are  absorbed  by  the  earth,  w  diseharge  themselrea 
below,  growidi  into  the  aea.  We  may  thus  explain  the  on-  fsMoui 
gin  of  thooe  fringe  of  fresh  water  that  are  to  be  seen^^^'^- 
spouting  up  even  in  the  midst  of  the  waves  of  the  ocean. 
Tke  water  thrown  up  1^  volcanos,  the  sudden  and  terrible 
imnidatioBB  of  mines,  the  number  of  rivers  which  disappear, 
tbe  msuntains  suddenly  engulphed  in  the  bosom  of  new  lakes, 
all  these  facts  combine  in  proving,  that  there  are  consider- 
abb  snbtemuieotts  cavities,  often  filled  with  water.  11m 
McesBity  c»f  sopplying  the  scarcity  of  springs  by  digging 
wells,  haa  procured  us  the  knowledge  of  a  fact  still  more 
nterestiiBg  to  physical  geography.  It  appears,  that  there 
an  lakeBy  or  rather  sheeto  of  wid»r,  which  extend  under 
gEeondin  considerable  disbuioes.  Delam6therie  relatos,*" 
that  in  the  province  of  Artois,  near  Aire,  in  diggii^  woHs^ 
tbey  always  come  to  a  clt^ey  bed,  which,  being  pierced,  the 
water  gushes  out  in  large  bubbles,  and,  rising  up,  forms 
^ngs  which  contanually  ilow.  In  the  country  of  Modemif 
we  Ibid  overy  where^  at  the  dqith  of  63  feet,  a  bed  of  clay 
ive  fieet  thick,  and  beneath  it  water  which  spoute^mt  with 
Bech  force.!  ^  ^  interior  of  the  countiy  of  Alfpers;,  in 
tke  pravinoe  of  Wad-Beag,  the  inhabitantB,  after  digging 
200  fialboms  deq^  invariably  sMot  with  a  stratam  of  slate, 
ander  which  the  water  flows  in  such  abundance,  that  they 
9m»  it  tte  MuHemmeou$  $ea4  We  may  easily  conceive 
ttat  «M  bed  of  day  may  have  sunk  down  horizontally  by 
drjhig,  whilst  another  bed  of  clay  may  have  been  forced 
aywsrdsk  The  Assure  horizontaUy  fiHmed  in  this  manner, 
my  have  served  as  a  channel  fm-  the  lakes  or  rivers  which 
omstitete  these  extensive  sobtorraneoos  waters. 

The  glaciers  which  crown  the  tops  of  the  highest  moun-  Qiaciers. 
tains,  have  a  ckse  oonnecticHa  and  a  common  origin  with 

*  ThtofM  de  la  Terra,  tome  iv.  p.  563. 
t  Ramazziui,  Topographia  Mutinensis. 
t  Shair,  Voyage  en  Barbarie9  4ome  i.  p.  169. 
VOL.  I.  19 
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BOOK  springs.  Snows  accumulated  for  whole  centaries,  sink 
^"^'  down  and  are  compressed,  and  consolidated  as  much  by 
""—"■"^  evaporation,  as  by  alternate  thaws  and  frosts.  Thus  are 
formed  immense  caps  which  cover  whole  mountains  or 
fields  of  frozen  snow,  which  extend  between  the  summits: 
The  high  vallies  are  filled  at  the  same  time  with  the  snow 
which  falls  there,  and  with  the  icy  waters  which  flow  from 
the  snowy  summits.  In  fact,  these  Rowings  alone,  joined 
to  the  avalanches,  occasion  those  masses  of  pure  ice,  the 
branches  of  which  extend  even  to  the  lower  vallies.  The 
latter  masses  of  ice  seem  in  some  places  to  have  continued 
increasing  for  ar^long  series  of  years.  They  have,  in  Swit< 
zerland,  filled  up  even  whole  valleys,  buried  villages,  and 
shut  up  the  pass  between  Le  Valais  and  the  Canton  of 
Berne— -but  the]  diminutions  on  one  side  generally  compen- 
sate for  the  increase  of  the  other.  A  few  warm  seasons  are 
sufficient  to  re-establish  the  equilibrium.* 

The  scenes  which  these  bodies  of  ice  exhibit  are  as  vari- 
ous as  their  extent  At  one  time  a  great  mass  of  wato*, 
congealed  at  the  period  of  a  tempest,  presents  waves  re- 
sembling those  of  a  lake— 4it  other  times  these  ineqoalitieB 
disappear,  and  leave  nothing  to  be  beheld  by  the  astonished 
traveller,  but  one  immense  mirror  of  polished  ice.  Here 
superb  portals  of  crystal  appear  fallen  into  rivers,  and  bril- 
liant spires  broken  to  pieces^-in  other  places,  avalanches 
of  snow  glide  over  a  field  of  ice  and  then  stop,  and,  reflect- 
ing the  rays  of  the  sun,  display  the  form  of  pyramids  and 
obelisks  unseen  before.  These  glaciers  are  of  essential  8e^ 
vice  in  furnishing  to  the  continents  slowly,  and  in  an  al- 
most regular  manner,  waters  which,  without  this  conge- 
lation, would  be  precipitated  with  impetuosity  from  the 
height  of  the  mountains,  so  as  to  overflow  and  devastate 
the  countries  which  they  ought  to  fertilize.  For  this 
beneficial  ettecU  we  are  indebted  to  the  intense  cold 
which  converts  the  waters  into  snow  and  ice,  and  holds 
them  suspended  on  the  sides  of  the  mountains,  to  supply 

*  Saussure,  Voyages,  Gruner,  etc. 
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abundant  and  anfailing  streams  oozing  from  the  l^ottom  of  book 
tbese  enormous  masses,  or  from  the  bosom  of  their  crystal-  ^^^i* 
lixed  grottos.  — — . 

The  effusion  of  springs,  and  the  Sowings  of  melted  ice,  Streams, 
brm  little  currents,  more  or  less  gentle,  which  are  termed  re^Jfts^nT 
fmdits.    The  water  of  great  rains  falls  with  more  rapidi-  rivulets. 
tf,  and  furrows  the  sides  of  the  mountains  by  impetuous 
irregular    torrents.     The  union  of  these   currents  forms 
Ureams,  which,  following  the  declivity  of  the  ground,  unite 
most  frequently  in  a  great  canal  whicli  takes  the  name  of 
rirer,  and  which  conveys  to  the  ocean  the  collected  tribute 
of  tlie  earth. 

The  declivities  (considered  collectively,  and  as  a  whole,) 
Grom  whence  ftow  the  streams  and  rivulets  which  discharge 
themselves  into  one  particular  river,  are  called  the  basin  of 
that  river,  or  its  hydrographical  region.    It  frequently  hap-  Hjrdrogra- 
pens,  that  the  basins  of  two  rivers  almost  touch.    In  Ame-  Pjjj,"^  *'*" 
rica,  the  Cassiquiari,  and  some  other  rivers,  actually  unite 
the  basin  of  the  Oronoco^  with  that  of  the  Amazon.*    In 
Europe,  the  sources  of  the  Duina,  of  the  Niemen,  and  of 
the  Borysthenes,  nearly  meet  together  in  a  marshy  plain, 
^logy  has  been  much  employed  in  investigating  the  sub- 
j^  of  basins ;  in  general,  the  mineral  beds  and  petrifac- 
tioQs  of  the  same  basin  present  a  certain  analogy  i  but,  (ac- 
cording to  the  just  observation  of  M.  Desmarets,)  it  is  also 
essential  to  distinguish  with  accuracy  the  hydrographical 
masses  or  groupes  of  mountains  which  furnish  water   to^'drr^ra^' 
rivers  that  receive  no  supply  from  any  other  quarter.    The  phicai 
knowledge  of  these  masses  is  indispensable  to  assist  us  in  p^^^^^"'* 
explaining  the  nature  of  rivers.     Calcareous  soils  produce 
waters  of  a  very  different  nature  from  those  which  flow 
from  the  glaciers  over  sand  or  clay.    The  elevation  of  the 
springs  determines  the  amount  of  the  declivity,  and  this 
latter  circumstance  modifies  the  course   of  streams  and 
rivers,  rendering  them  rapid  or  gentle,  regular  or  mean- 
dering. 

*  Condamine,  Voyage  de  la  Rivere  des  Amazons,  p,  119.    Hartsink,  Hum- 
^Idt,  etc. 
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BOOK  The  beds  of  rivers  are  the  lowest  parts  of  great  chasms, 
XIII.  formed  by  the  same  revolution  which  produced  the  moun- 
~  '  tains:  The  atmospheric  waters  have  evidently  brought 
riven.  down  a  portion  of  light  soil  which  was  adhering  to  the  sides 
of  the  mountains ;  they  may  have  formed  by  their  sedi- 
ments horizontal  plains  which  occupy  the  bottom  of  certain 
valleys;*  but  never  could  a  river  by  its  0¥m  force  alone 
have  opened  for  itself  a  passage  through  solid  rocks^  similar 
to  those  which  border  the  upper  Rhine ;  it  most  at  the 
first  have  found  the  outline  of  its  course  deeply  marked 
out  Running  waters  unceasingly  wear  away  their  beds 
and  banks  in  places  where  the  declivity  is  very  rapid ;  tfaer 
hollow  out  and  deepen  their  channels  in  mountains  com- 
posed of  rocks  of  a  moderate  hardness — ^they  draw  along 
stones,  and  form  accumulations  of  them  in  the  lower  part 
of  their  course— and  thus  their  beds  are  often  graduallj 
elevated  in  the  plainSf  while  they  are  deepened  and  depres- 
sed in  the  mountains ;  but  these  changes^  though  continual- 
ly going  on  for  thousands  of  years,  could  only  give  form  to 
the  banks  of  rivers;  they  in  no  wise  created  tiie  banks 
themselves. 
Deciwity  '^  ^  ^^^^  ^®  sloping  of  the  land  which  can  at  first  cause 
of  riverf.  Water  to  flow ;  but  an  impulse  having  been  once  oommani- 
cated  to  the  mass,  the  pressure  alone  of  the  water  will  keep 
it  in  motion,  even  if  there  were  no  declivity  at  all.  Many 
great  rivers  in  fact  flow  with  an  almost  imperceptible  decli- 
vity. The  river  of  the  Amazons  has  only  ten  feet  and  a 
half  of  declivity  upon  two  hundred  leagues  of  extent  of 
water,  which  makes  ^  of  an  inch  for  every  1000  feeif 
The  Seine,^  between  Yalvins  and  Serves,  has  only  one  foot 
declivity  out  of  6600.  The  Loire  bas^  between  Pooilly 
and  Briare,  one  foot  in  7500;  but  between  Briare  and 
Orleans,  only  one  foot  in  ld,596»    In  East  Friezland,  in 

*  Comp.  Saussure,  Voyages,  H  648,  920.  Delaraetherie,  i  1618.  (For  tte 
action  of  rivers,  soe  Bourguet,  Lettres  Phtlosophiqoes,  181.  Voigt,  Mfoioirts 
Min^raiog.  vol.  iii.  Memoire  sur  la  Formation  des  Valines.) 

t  Condamine,  1.  c.  p.  134. 

^  Picart,  Traits  du  Nivellomcnt,  p.  152,  etc.  etc. 
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!be  United  Provinces,  two  small  neighbouring  rivers  have,  book 
the  one  ^  of  an  inch,  the  other  4  of  declivity  for  every  1000  ^*''* 
feet*  The  Marwede,  between  Herdinxveldand  Dort,  falls  . 
ui  inch  along  1,125  feet;  but  between  Dort  and  the  sea, 
only  one  inch  along  9000  feetf  Even  the  most  rapid 
rivers  have  less  declivity  than  is  commonly  imagined.  The 
Rhine  between  Schaffhausen  and  Strasborgb,  has  a  fall  of 
4  feet  in  a  mile;  and  of  £  feet  between  Strasbui*gh  and 
Schenckenschantz.  Hence  we  see  the  reason  why  one 
river  may  receive  another  almost  as  large  as  itself,  without 
tny  considerable  enlargement  of  its  bed ;  the  augmentation 
of  its  body  only  accelerates  its  course.  Sometimes  one 
river  falling  into  another  with  great  rapidity,  and  at  a  very 
acute  angle,  will  force  the  former  to  retrace  its  course  and 
return  for  a  short  space  towards  its  source.  Tliis  has  hap- 
pened more  than  once  to  the  Rhone,  near  Greneva;  the  im- 
petooos  Arva,  which  descends  from  the  mountains  of  Sa- 
voy, being  swollen  beyond  its  usual  size,  has  made  the 
more  gentle  waters  of  the  Rhone  flow  back  into  the  lake  of 
Geneva ;  causing  the  wheels  of  the  mills  to  revolve  back- 
wards.^ 

Some  livers  have  no  stream  whatever,  and  the  cause  is  confined 
easUy  discovered;  the  land  having  scarcely  any  declivity,  "^^''^^ 
does  not  impart  a  sufficiently  strong  impulse  to  their  wa- 
ters, which  are  constantly  retarded,  and  finally  absorbed  by 
Uw  sand.  Sometimes  these  waters  are  evaporated  by  the 
iKat  of  die  snn,  ^8  is  the  case  with  the  rivers  of  Arabia  and 
Africa;  but  tihey  more  commonly  flow  into  pools,  marshes, 
oraalt  lakes.  ci 

Bivers  which  descend  from  primitive  mountains  into  the  cataracts 
secondary  lands,  often  forms  cascades  and  cataracts.    Such  l^"^^^*' 
ve  the  cataracts  of  the  Nile,  of  the  Ganges,  and  some  other 
great  rivers,  which,  according  to  Desmarets,  evidently 
nark  the  limits  of  the  ancient  land.     Cataracts  are  also 

*  Brahin.  Principe  d'Hydraulique,  «  308.  (en  All.) 

t  VelsQn,  Rivierkondige  Verhandeling,  p.  136,  (in  Dutch.)    Compare  the 
I'Hydraulique  Gftnf  rale  de  V^iebeking,  (in  German.)  ^ 

t  Saufsure.  Voyages,  416. 
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formed  by  lakes :  of  this  description  are  the  celdirated  falls 
of  the  Niagara ;  but  the  most  picturesque  falls  are  those  of 
■"  rapid  rivers,  bordered  by  trees  and  precipitous  rocks.  Some- 

times we  see  a  body  of  water^  which,  before  it  arrives  at 
the  bottom,  is  broken  and  dissipated  into  showers,  like  the 
Staubbach;  sometimes  it  forms  a  watery  arch,  projected 
from  a  rampart  of  rock,  under  which  tiie  traveller  may 
pass  dry  shod,  as  the  **  falling  spring"  of  Virginia;  in  one 
place,  in  a  granitic  district,  we  see  the  Trolhetta,  and  the 
Rhine  not  far  from  its  source,  urge  on  their  foaming  billows 
amongst  the  pointed  rocks;  in  another,  amidst  lands  of 
calcareous  formation,  we  see  the  Czettina  and  the  Kerka, 
rolling  down  from  terrace  to  terrace,  and  presenting  some- 
times a  sheet,  and  sometimes  a  wall  of  water.*  Some  mag- 
nificent cascades  have  been  formed,  at  least  in  part,  by  the 
hands  of  man :  the  cascades  of  Yelino,  near  Temi,  have 
been  attributed  to  Pope  Clement  Vlll.rf  other  cataracts, 
like  those  of  Tunguska  in  Siberia,:|:  have  gradually  lost 
their  elevation  by  the  wearing  away  of  the  rocks^  and  have 
now  only  a  rapid  descent  j 

Height  of  The  elevation  of  cataracts  has  generally  been  exaggerate  i 
cataracts.  ^ j .  f^^^  ^f  Tequcndama,  formed  by  the  Rio  dc  Bogota,  in' 
South  America,  estimated  by  Bouguer  at  1500  feet,  is, 
according  to  Humboldt,  not  quite  600,$  and  the  highest; 
fall  ever  known,  that  of  Staubbach,  instead  of  being  1100,1 
as  stated  by  some  travellers,  is  only  900  according  to  tri- 
gonometrical measurement!!  When  the  ground  docs  not 
form  a  steep,  and  almost  perpendicular  bank,  but  only  a 
very  rapid  declivity ;  and  when  at  the  same  time  the  bed 
of  the  river  is  confined  by  rocks,  the  waters  acquire  by 
compression  an  astonishing  force.    Winterbotham  relates, 

*  Hcrbinif,  Dissertatio  de  Admirandis  Mundi  CataractU,  suprft  et  subteira- 
neis.    Amsterdam,  1678,  in  4to.    Voyages  de  Fortis,  Carver,  &c.  &c. 

^  t  Opf  re  di  Monsignor  Claudio  Todescbi,  (Rome,  1779,)  toI.  ii.  p«  77. 

%  Isbraiid  Ides,  Voyages  au  Nord,  viii.  54,  tqq.    MuUer,  Sketch  of  Ruffiin 
History,  viii.  100—118,  sqq,   (In  German.) 

♦  Bouguer,  Voyages  au  Perou,   p.  91.    Humboldt,   Vues  des  Cordilliers, 
p.  32. 

0  Wyttcnbach  and  V^Tolf,  Storr,  Travels  in  the  Alpt,  i.  114— 115,  (»n  Ger- 
man.) 
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that  the  river  of  Connecticut^  in  the  Unijked  States,  at  40    book 
leagues  from  its  source^  is  so  compressed  by  rocks,  that  it    ^^^^* 
carries  along  on  its  surface,  pieces  of  lead,  as  if  they  were 
so  many  corks;  and  that,  notwithstanding  the  utmost  eflTorts, 
it  is  impossible  to  insert  an  iron  point  in  its  waters :  but  this 
appears  to  be  greatly  exaggerated. 

The  periodica]  rise  of  the  Nile  was  considered  as  a  sin-  Periodical 
gular  phenomenon,  and  one  of  the  greatest  mysteries  of  na-  rimf.'^  ° 
ture,  until  modem  Europeans,  by  penetrating  into  the  tor- 
rid zone,  which  was  almost  unknown  to  the  ancients,  dis- 
covered that  this  wonderful  property  belonged  to  a  great 
many  otlier  rivers  besides  the  Nile.    It  is  now  well  known 
that  in  all  the  countries  situated  between  tlie  two  tropics, 
it  rains  incessantly  during  a  certain  season  of  the  year. 
The  period  varies,  according  to  local  circumstances,  but  it  is 
sufficient  to  know,  that  the  torrid  zone,  deprived  in  a  great 
measure  of  the  benefit  of  snow  and  glaciers,  has  this  defi- 
dency  supplied  by  copious  torrents  of  rain,  pouring  down 
incessantly  upon  the  ground,  which  has  been  almost  burnt 
vith  heat  during  the  dry  season :  Then  all  the  lakes  and 
rivers  swell  and  overflow  their  banks. 

If  a  river,  under  the  influence  of  these  tropical  rains,  increase  of 
flows  along  a  plain,  in  a  direction  parallel  to  tiie  equator,  "^^^^^^^^^ 
its  overflowing  waters  will  spread  with  a  certain  degree  of  equator. 
equality  over  the  whole  extent  of  its  banks.     Such,  in  a 
great  measure,  is  the  case  with  the  Oronoco,  in  America, 
flie  Senegal,  and  probably  the  Niger  in  Africa. 

I^  on  the  contrary,  such  a  river  flows  from  a  (preat  ele-  increase  of 
vation,  from  extensive  mountains  into  deep  plains   and  J^\][|^Jf^^"' 
valleys ;  or,  if  its  direction  be  perpendicular  to  the  equator,  north  to 
that  is,  north  and  south,  then,  it  is  evident,  that  the  ac-  ^"e  venra. 
tion  of  the  tropical  rains  will  be  extremely  unequal  in  dif- 
ferent parts  of  this  river ;  for  it  is  manifest  that  the  sur- 
pluJ  of  water  will  be  carried  almost  entirely  towards  the 
lower  parts  of  the  territory  of  the  river.    Tliis  is  exactly 
what  happens  in  the  floods  of  the  Nile.    This  river,  as  the 
ancients  have  said,  and  notwithstanding  the  assertions  of 
Bruce,  comes  from  the  mountains  of  the  Moon,  which  pro- 
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»K  bably  fomi  a  central  and  very  elevated  platean^  occepyiBg 
mi.  tibe  middle  of  Africa,  and  extending  espedaUy  tewards  tke 
east  and  aoiitlu  In  Asia,  the  riven  Siam  and  Cambodja, 
flow  in  almost  the  same  latitikdes  as  the  Nile,  hot  in  a  dif- 
ferent  direction :  being  from  north'  to  south.  These  two 
rivers  have  floods  resembling  those  of  the  Nile ;  the  Indii% 
the  Ganges,  and  in  general  all  the  rivers  viiich  flow  betwwn 
flie  tropics,  presMit  this  very  phenomena,  willi  variations 
arising  from  local  circumstances.  No  river  beyond  the 
torrid  zone  is  subject  to  regular  periodical  swdlings ;  the 
overflowings  which  occur  in  tiie  temperate  nones  depend 
solely  on  the  melting  of  the  snow  in  the  spring,  and  on  the 
quantity  of  rain  which  has  fallen  upon  the  mountains.* 
f^^J^j.^^*- The  rivers  which  disappear  under  ground  have  excited  the 
under  wouder  both  of  ancients  and  modems.  The  poets  have 
sung  of  the  Alpbeus,  which,  according  to  them,  passes  from 
Peloponnesus  into  Sicily,  beneath  the  Ionian  Sea,  to  mingle 
its  amorous  waves  with  those  of  Arethusa.  The  ancieati 
have  mentioned  a  great  number  of  rivers  which  lose  Oem- 
selves  under  ground,  to,  reappear  in  a  lower  level  ;t  but 
this  phenomenon,  which  most  frequently  is  closely  eon- 
ncded  with  that  of  subterraneous  caverns,  has  been  ext- 
mined  in  a  rational  and  sober  manner  only  by  the  mo- 
dems. 

When  a  river  is  obstracted  in  its  course  hy  a  bank  of 
solid  rocks,  and  flnds  beneath  them  a  stratum  of  softer  ma^ 
terials,  its  waters  wear  away  the  softer  substance^  and  tkm 
open  up  for  themselves  a  subterraneous  passage,  more  or 
less  long.  Such  are  the  causes  which  have  fanned  tlie 
simking  of  the  BJume^  between  Seyssd  and  rEcluse;^  th« 
^fridge  of  VejOf  near  Verona,  the  arch  of  which  has  so 
elevation  of  more  than  114  feet^  and  particnlariy  the 

*  Varenius,  Geographic  Gfnerale,  cb.  16.  prop.  30.  Lulof,  GAogtapbie 
Fhjsiqne,  ii.  262,  (io  German.)    Bergmann,  i.  387,  tqq.  (in  Swedish.) 

t  Pliny,  ii.  103.  Seneca  Quest.  Nat.  iii.  26.  Strabo,  1.  ix,  424. ;  zi.  Bit, 
edition  Aim.  Mabiut,  Dissert,  de  Fluvlis,  qui  imercedunt  ct  aiiaacaimur. 

^  Annates  dei  Voyages,  iv.  81. 

«  Z.  Betti,  Descrizionc  d*un  MaraTiglioso  ponte,  1766,  Fortis  in  Uie  Giomtl* 
dTtalia,  vi.  241. 
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BagBiHoent  MoMriige  in  YirgtBim  an  astomddng  raiilt 
luutuig  two  momitoiiifl^  sq^utited  by  a  ravine  of  S70  feet  in    ^^^ 
deptfat  in  which  the  Cedar  Crtek  flom.*    It  is  prokabktiiat  ~-'~" 
the  fidl  of  a  rock  has  fonned  these  nataral  bridges^  like 
those  of  Icononzo^  in  Mexico.  In  Iionisiana^  trees^  or  rather 
whole  feratB>  have  been  obserred  to  fall  on  a  rivery  coveiv 
isg  it  Beariy  with  vegetable  earth;  and  thus  giving  rise  to 
anatuwl  bridge^  whicb>  for  leagues,  has  hid  the  course  of 
the  river  Itom  view;  finaUy,  the  Gnadiana  sees  its  waters   ' 
8cattend  and  filtered  in  the  sandy  and  marshy  (^twnds^ 
ftom  which  fliey  rnssiie  in  greater  abundance.    France  af« 
fords  very  few  exaoi|des  of  these  disappearing  rivers*t 

Bivoraf  in  running  into  the  eeSf  present  a  groat  variety  of  Mouth  of 
latBrestiBg  phenomena;  many  form  Mtut  tonfc4»  m  the  80- "^^"^ 
aegal  and  the  Nile;  ethers,  like  the  Danobe^  rush  with 
such  force  into  tiie  sea,  that  one  can  for  a  certain  spaoe  die* 
tiagoish  the  waters  of  tlie  river  firom  those  of  the  sea.  The 
water  of  the  little  river  ^yre  in  Norway,  are  discenuUe  for 
aotmsiilerable  distance,  (some  say  for  two  leagues)  in  the 
86^4  It  is  only  by  a  very  large  mouth,  like  ttioso  of  the 
Loire,  the  Elbe^  or  the  Plata,  that  a  river  can  peacefully 
Binglo  wifli  the  sea.  Bivers  even  of  this  nature,  however# 
Mmetimes  experience  the  superior  influence  of  the  sesf 
vfaich  repels  their  waters  into  their  bed.  Thus  the  Seine 
forms  at  its  mouth  a  ftar  of  considerable  extent;  and  the 
Garonne,  unable  to  discharge,  with  sufficient  rapidity,  the 
waters  which  it  accumulates,  in  a  kind  of  gulf  between 
BosFdeanx  and  its  mouth,  exhibits  this  aquatic  mountain, 
stopped  by  the  flow  of  the  tide  rolling  backwarda^  inm* 
dating  the  banks,  and  stepping  vessels  in  their  progress 
both  up  and  down.  This  phenomenon,  termed  the  ^^Md^yL^^Hu^u 
cortt,**  is  only  the  collision  of  two  bodies  of  water  movii^ 
in  oppoaits  directions, 

*  Jefferson's  Notes  upon  Virginia, 

t  Guettard,  M^nu  de  TAcademiay  1758. 

t  Pootoppidan,  Histoire  Naturello  de  la  Norwege,  i«  145, 
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The  most  sublinie  phenomenon  of  this  kind  which  pre- 
sents itself,  is  that  of  the  giant   of  rivers,  the  Orellana, 
'  called   the  river  of  the  Amazons.    Tuice  a-day  it  pours 
out  its  imprisoned  waves  into  the  bosom  of  the  orean.     A 
liquid  mountain  is  thus  raised  of  the  height  of  180  feet;  it 
frequently  meets  the  flowing  tide  of  the  sea^  and  th*e  shock 
of  these  two  bodies  of  water  is  so  dreadful,  that  it  makes  aU 
the  neighbouring  islands  tremble ;  the  fishermen  and  navi- 
gators fly  from  it  in  the  utmost  terror.    The  next  day,  or 
the  second  day  after  every  new  or  full  moon,  the  time  when 
the  tides  are  highest,  the  river  also  seems  to  redouble  its 
power  and  energy ;  its  waters  and  those  of  the  ocean  rush 
against  each  other  like  the  onset  of  two  armies.    The  banks 
are  inundated  with  their  foaming  waves;  the  rocks,  drawn 
along  like  light  vessels,  dash  against  each  other,  almost  up- 
on the  surface  of  the  water  which  bears  them  on.     Loud 
roarings  echo  from  island  to  island.     It  has  been  said  that 
the  Oenius  of  the  River,  and  the  God  of  the  Ocean,  contend 
in  battle  for  the  empire  of  the  waves.    The  Indians  call  this 
phenomenon   Poraroca.    The  researches  which  have  beeu 
prosecuted  as  to  the  mass  of  water  which  roll  along  these 
rivers,  as  well  as  concerning  the  space  over  which  they  ran 
in  a  given  time,  neither  having  terminated,  nor  being  likely 
to  terminate,  in  any  general  and  positive  result,*  we  shall 
pass  on  to  the  theory  of  lakes. 

Extensive  accumulations  of  water,  surrounded  on  all  sides 
by  the  land,  and  having  no  direct  communication  with  the 
ocean,  or  with  any  sea,  are  called  lakes.  Lakes  are  of  four 
distinct  kinds. 

The  Jirst  doss  comprehends  those  which  have  no  issue, 
and  which  do  not  receive  any  running  water.  These  pooh 
are  generally  very  small,  and  do  not  merit  much  attention. 
Some  of  these,  as  the  Arendt,  in  Vieille  Marche,  are  formed 
by  the  sinking  down  of  the  circumjacent  lands;!  others, 

•  Riccioli,  G^og.  Reform,  x.  c.  7.    Lulof,  G6og.  Phy.  k  338— 39t.     Mariotte, 
Traite  du  Mouvement  des  eaux,  &c.  &c. 
t  Les  M^moires  citees  dans  Kant,  Geographic  Physique,  iii.  part  1.  p.  9S. 


PHTSICAI^  GEOOBAPHT.  299 

like  the  lake  Albano,  near  Rome,  appear  to  be  old  craters    book 
of  Yolcanos  filled  with  water.  *^*^* 

Tlie  second  doss  consists  of  those  lakes  which  have  an 
outlet,  but  which  do  not  receive  any  running  water.     Such  ^vbichre- 
a  lake  is  formed  by  a  spring,  or  rather  by  a  multitude  of  J'*^*  ^ 
springs,  which,  placed  on  a  lower  level  in  a  kind  of  reser-  w&ter. 
voir,  are  obliged  to  fill  that  before  they  find  an  outlet  for 
their  own  waters*    These   lakes  .  are  nevertheless  fed  by 
little  streams  of  water,  almost  invisible,  which  descend  from 
tiie  surrounding  lands,  or  from  subterraneous  canals.  Some 
great  rivers  have  lakes  of  this  kind  for  their  source.    These 
lakes  are  naturally  situated  on  great  elevations ;  there  is 
one  of  this  kind  on  Mmnt  RotandOf  in  Corsica,  which  is 
9£94  feet  above  the  level  of  the  sea. 

The  third  doss  of  lakes  is  very  numerous,  consisting  of  LakM  . 
all  such  as  receive  and  discharge  streams  of  water.    Each  ^^^  ^^ 
of  the  lakes  of  this  class  may  be  looked  upon  as  forming  a  dischargii 
basin  for  receiving  the  neighbouring  waters ;  they  have  in  ten. 
general  only  one  opening,  which  almost  always  takcfs  its 
name  from  the  principsd  river  which  flows  into  it.    But 
it  cannot,  in  strict  propriety,  be  said  that  these  rivers  tro' 
verse  the  lakes,  as  their  waters  mingle  with  those  of  the 
basin   over  which  they  are  diffused.*    These  lakes  have 
often  sources  of  their  own,  either  near  the  borders,  or  in 
their  bottom.    There   are  four  or  five  lakes  of  this  class 
in  North  America,  which,  in  point  of  extent,  resemble  seas, 
and  which,  notwithstanding,  by  the  flow  of  a  continual 
stream  of  fresh  river  water,  preserve  their  clearness  and 
sweetness. 

The  fourth  doss  of  lakes  present  phenomena  much  moroLaket 
difficult  to  explain.  We  mean  those  lakes  which  receive  J[;J^^^J,^ 
streams  of  water,  and  often  great  rivers,  without  having  any 
visible  outlet  The  most  celebrated  of  these  is  the  Cas- 
pian Sea;  Asia  contains  a  gi*eat  many  others  besides.  The 
Niger,  if  it  does  not  touch  the  sea,  most  probably  falls  into 
a  lake  of  this  kind,  and  not  into  a  marsh.    South  America 

•  Sausiure,  Voyages,  ♦  10. 
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coMtaiBS  tiie  lake  Titkaca,  which  has  no  ettiix»  althoaf^  it 
^oum  receives  another  very  considerable  one  into  it.  In  sbor^ 
these  lakes  aj^ar  to  belong  to  the  interior  of  great  conti- 
nents; Hbej  are  placed  on  elevated  plains,  which  have  no 
sensible  declivity  towards  the  sest  and  which  do  not  permit 
these  collections  of  water  to  open  for  themselves  a  passage 
ttroni^  which  fliey  may  flow  out  But  why  do  these  lakes, 
whidk  an  always  receiving  supplies  of  water,  but  have  no 
ontlety  why  do  they  not  overflow  thdr  banks  ?  We  may  an- 
swer, that  with  respect  to  those  which  are  situated  in  a  hot 
climate,  evaporation,  as  Halley  observes,  is  suflScient  to  car- 
ry off  their  excess  of  water.  It  remains  to  be  determined, 
whether  the  reasonings  of  this  philosopher  can  with  justness 
be  applied  to  a  climate  so  cold  for  example  as  that  of  the 
Caspian  Sea. 

Let  us,  in  the  first  place,  observe,  that  flie  quantity  of 
water  which  Hm  rivers  pour  into  this  basin,  has  been  exag- 
gerated :  there  are  no  otlier  great  rivers  except  the  Wolga, 
tiie  laik,  and  the  Kur,  which  flow  into  it;  the  remainder 
oonsiste  only  of  small  rivulets.  We  must  add,  fliat  tiM 
whole  of  the  eastern  coast  scarcely  furnishes  one  rivulet  to 
this  extraordinary  sea.  And  let  us  also  remark,  (fw  in 
physical  geography  every  fact  is  worthy  of  attention,)  that 
tiie  Wolga,  by  no  means  a  deep  river,  seems  to  be  in  part 
absorbed  by  the  ground  whidk  borders  ite  course;  and  it  is 
thsB  bnmidity  which  renders  these  lands  so  distinguished  for 
flmr  fortuity,  when  compared  with  the  neighbouring  soiL 
Finally,  were  we  determined  to  suppose  that  there  is  a  dis- 
proportion between  the  extent  of  the  Caspian  Sea  and  ite 
sfvaporation,  on  the  one  side,  and  the  volume  of  water  that 
it  reeeives  on  the  other,  (which  we  are  for  from  allowing,) 
we  have  still  to  take  into  account  the  absorption  of  ite  wa- 
ters by  the  calcareous  mountains  which  border  it  towards 
Urn  sooth  and  sonth  west  We  know  how  porous  and 
spongy  land  of  fliis  kind  is.  All  accounte  agree  in  describ- 
ing the  monotains  te  the  sonth  of  the  Caspian  as  being 
still  more  penetrated  with  moisture,  and  more  abounding 
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in  springs  than  those  of  Mingrelia,  which  proves  eittier  ab- 
sorption, OP  (what  is  of  more  consequence,)  a  very  strong  "**• 
eTsporation.  The  insalubrity  of  the  ftir  near  these  hikes,  ^""^ 
is  another  circumstance  which  stiU  farther  confirms  the  opi- 
nion of  Halley.*  The  physical  phenomena,  which  certain 
lakes  present,  have  always  excited  the  astonishment  of  the 
multitede. 

The  periodical  lake$  are  the  most  common.    Those  wbkh  Periodical 
are  fbrmed  by  excessive  rains,  and  wliich  are  again  dried     ^'* 
op  by  the  rays  of  the  sun,  by  evaporation,  or  infiltration, 
appear  to  be  scarcely  worthy  o!  oar  attention.    In  Eu- 
rope these  are  nothing  but  pools,  but  between  the  ixapcsp 
these  pools  sopnetimes  cover  spaces  of  several  hundred 
leagues  in  length  and  breadth.    Such  are  the  fiamous  lakes 
of  Xaraj/es  and  PariOf  inscribed  on  maps  of  America,  and 
expunged  irom  them  by  turns;  it  is  probable  that  Africa 
contains  a  great  many  of  this  desoription.    If  there  exist 
now  in  the  numerous  cavities  of  the^  earth  subterraneous 
lakes  of  this  kind,  and  if  these  communicate  with  other 
lakes  which  are  visible^  it  is  easy  to  imagine  that  the  waters 
of  these  last  may  sometimes  entirely  disappear,  by  sinking 
down  into  the  basin  of  the  subtwraneous  lakes  in  propor- 
tion as  they  dry  upw    This  lower  basin  again  filling  itself 
anew,  the  waters  issue  from  it  to  fill  the  superior  basin.    If, 
in  a  supposable  series  of  subterraneous  cavities,  the  last 
link  of  the  chain  happen  to  be  a  mass  of  subterraneous 
water,  situated  at  an  elevated  level  in  the  bosom  of  a  moun- 
tain, the  periodical  return  of  the  waters  in  the  visible  basin 
may  be  accompanied  by  a  motion  similar  .to  that  of  the 
spouting  fountains.    It  is  by  means  of  such  hydraulic  ma- 
chinery that  nature  keeps  up  the  wonders  of  the  lake  of 
Cirtuiitz  in  Illyria,  and  in  many  others  of  the  same  des- 
cription; 

The  alleged  regularity  of  these  periodical  returns,  attri-  Th«  peri- 
bated  amongst  others  to  the  lake  of  Kanten  in  Prussia,  iSgufaT?*^ 
not  supported  by  authentic  testimony.    By  comparing  to- 

*  Bergmann,  Geographic  Pliysique.  i.  f  88,  ii.  t  108. 
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BOOK  gether  the  observations  made  since  1715,  upon  the  Caspian 
^"^*  sea,  we  are  convinced  that  this  great  lake  augments  and  di- 
minishes  from  30  to  35  feet,  according  to  the  abundance  of 
snow  and  rain  in  the  countries  from  which  it  receives  its 
waters ;  but  we  see  at  the  same  time,  that  these  changes 
follow  no  fixed  period.*  The  lakes  which  are  supplied 
with  water  by  the  melting  of  the  snow,  may  even  change 
their  level  in  the  course  of  the  same  day,  according  as  the 
action  of  the  sun  has  more  or  less  effect  upon  the  neigh- 
bouring mountains.  It  is  on  this  principle,  we  conceire, 
that  the  seiches,  or  periodical  risings  and  fallings  of  the  lake 
of  Geneva,  should  be  explained*! 

The  variations  and  motions  of  lakes^  which  do  not  de- 
pend upon  an  augmentation  of  quantity,  present  very  com- 
lAkes       plicated  questions :     That  any  lakes  communicate  under 

which  boii  S'^^'*^  ^^^^  ^^®  ^^^  ^^^  ^^^  ^^^^  I'egttlar  tides  to  such 
^*  communication,  is  much  to  be  doubted.    The  equilibrium 

of  the  atmosphere,  deranged  by  electricity,  or  by  any  otiier 
cause,  may  occasion  water  to  rise  up,  by  altering  the  pres- 
sure which  retains  it  at  its  level.  There  is  a  bay  in  lake 
Huron  where  electric  clouds  continually  remain,  and  no 
traveller  has  ever  passed  it  witliout  hearing  thunder.^  In 
Portugal  there  is  a  pool  near  Beja,  in  Alentejo,  which,  by 
its  loud  noise,  indicates  the  approach  of  a  storm.$  Other 
lakea  appear  agitated  by  the  disengagement  of  subterraneous 
gases,  or  by  winds  which  blow  in  some  cavern  witii  which 
the  lake  communicates.  Near  Boleslaw,  in  Bohemia,  a 
lake  of  unfathomable  depth,  sometimes  in  winter  emits 
blasts  of  winds  sufficiently  strong  to  raise  up  in  the  air 
pieces  of  ice  several  quintals  in  weighty  Two  considerable 
lakes,  Loch  Lomond  in  Scotland,  and  the  Welter  in  Sweden, 

*  Rytcbkow.  Topography  of  Orenbourg,  (in  German,)  i.  166,  167.  Pallas, 
Travels  in  the  South  of  Russia,  i.  434.  (in  German.) 

t  Jallabert,  M6moires  de  TAcademie  des  Sciences  de  Paris,  1741,  p.  32. 
Compare  Saussurc,  H  20—25. 

X  Carver,  Voyage  dans  Hnterieur  d'Amerique,  etc. 

4  Surges,  cit£  par  Bers;mann,  G^og,  Phys.  ♦  99. 

II  Acta  Crudita,  1682. 
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often  experience  during  the  serenest  weather  violent  agita-    book 
tioiis.     In  the  Murche  of  Brandebaiii-g,  the  pool  of  Krestin     *'^^ 
often  commences  in  fine  weather  to  boil  up  in  whirlpools,  so  '""^■^ 
as  to  engulph  the  little  boats  of  the  fishermen.*     Perhaps 
the  decomposition  of  calcareous  stones  had  an  influence  upon 
some  of  tbese  phenomena. 

In  the  general  history  of  lakes,  Jloating  islands  occupy  a 
great  spac^e  in  the  writings  of  some  geographers.    But  when^ 
on  the  one  hand,  we  consider  how  many  inaccessible  marshes 
there  are  always  floating  in  the  water,  and  notwithstanding,- 
covered  with  brushwood,  and  even  trees ;  and  on  the  other 
hand,  when  we  consider  those  beds  of  vegetables,  those  im-. 
mense  forests  that  are  found  buried,  and  very  recently  buri- 
ed, in  turf  pits,  we  may  then  easily  form  an  idea  of  these 
JtoaUng  islands  which  some  geographers  represent  as  won- 
ders of  nature.    They  are  simply  earth  of  the  nature  of  a 
peat,  hut  very  light,  sometimes  only  reeds  and  roots  of  trees 
interwoven  together.    After  having  been  undermined  by  the 
waters,  they  detach  themselves  from  the  bank,  and  from  their 
lightness  and  spongy  consistency,  joined  to  their  inconside- 
rable thickness,  they  remain  suspended  and  floating  on  the 
sorface  of  the  waters.f 

The  delightful  Lodi  Lomond^  in  Scotland,  contains  some 
of  these  floating  islands,  which  are  not  very  uncommon  in 
Scotland  or  Ireland.  A  small  lake  in  Artois,  near  Saint 
Omer,  is  covered  with  similar  islands.  The  marshy  lakes 
of  Gomacchio  present  a  great  number4  The  most  con- 
siderable that  are  mentioned,  are  those  of  the  lake  of  Ger- 
dao,  in  Prussia,  which  furnish  pasturage  for  100  head  of 
'  cattle ;  and  that  of  the  lake  of  Rolk,  in  the  country  of  Osna- 
bmck,  covered  with  beautiful  elms.$  ' 

There  are  some  floating  islands  which  appear  and  disap-  Floating 
pear  alternately.    The  lake  Ralang,  in  Smalande,  a  pro- PJI^Jdll^*' 

*  B«rnouille,  Archivei  des  Voyages,  i,  325. 
t  Pliny,  Natural  History,  ii.  c.  95. 

i  Giroiamo  Sikestri,  Treatise  on  Floating  Islands,  ancient  and  modern,  (in 
Italian.) 
J  Kant.  Gfopaphie-Physiqne,  ii.  part  i.  p.  114. 
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yiooe  of  SwedcBp  encloses  a  floaliiig  ielandt  wjudi^  from 
xin.  1595  to  1766  has  shown  itself  ten  tiiaes,  generally  in  the 
Bontiis  of  September  and  October.*  It  is  280  foot  longi 
and  2S0  broad.  Tbere  is  an  island  similar  to  it  in  Ostro- 
gotliia. 
FioaUng  The  floating  islands  may  have  an  influence  upon  the  tat- 
whkh  havt  nation  of  the  globe.  Those  which  Pliny  and  Seneca  saw 
floating  in  the  lakes  of  Bolsena*  Bressanello  and  otfaersy  have 
become  fixed.  West  Friealand  has  a  sobterraaeous  lake, 
which  af^ars  to  have  been  covered  with  floating  ifllaadfl» 
that  gradually  united  together,  and  ended  in  the  fomatioa 
ofa  solid  crustf 
Ttmpera-  The  shade  of  thick  foresti,  or  high  monntauis,  may  pre- 
vent certain  lakes,  like  Loch  Winnoch  in  Scotland,  from 
getting  rid  of  the  perpetual  ice  which  oovers  them  in  whole 
or  in  psjrt  Other  lakes,  always  niflled  by  the  winds,  or 
stirred  by  the  riven  which  they  receive,  and  the  springs 
which  feed  them,  broM  all  the  rigours  of  a  cold  climate. 
Hie  most  extraordinary  phenomenon  would  be  to  aee  lakes 
froene  during  summer;  and  this  has  been  related  of  some 
in  China;  the  cause  of  which  has  been  sought  for  in  tte 
saline  nature  of  the  neighbouring  ground,  but  Hie  fact  ap- 
pears to  have  been  insuAciently  observed,  or  incorrectly  re- 
corded.^ 

The  dipth  of  lakes  varies  infinitely,  and  cannot  form  a 
solgect  of  general  physical  geogn^hy.  We  must  be  satie- 
find  merely  with  contradicting  the  popular  opinion,  tbtt 
there  are  lakes  unthout  a  bottom.  Those  which  have  been 
considered  as  such  owe  this  character  solely  to  flie  existence 
of  currents  which  carry  along  witii  them  the  lead  attached 
to  the  sounding  line.  But  we  must  not  reckon  as  fabuloos 
the  accounts  of  lakes  with  double  botfamis,  which  are  said 
to  be  found  in  Jemptia  or  Jemptland,  in  Sweden  and  ebe- 
where.$    It  has  been  supposed,  that  a  crust  interwoven 

*  BergmanOi  G^ographie  Physique,  ii.  238* 

t  Annals  of  the  Prussian  Monarchy,  1799,  p.  292,  (in  German.) 

:|:  Memoire  de  I'Aeadenite  dec  Sciences,  1712. 

f  Bergmann,  k  93. 
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wiiii  Mots,  similar  to  tbe  floating  islands,  may  exisf  at  tlie  book 
bottom  of  a  lake,  and  by  either  rising  or  sinking,  may  make  ^^'^^ 
the  deplb  vary  in  appearance.  — — — . 

Soch  are  flie  prineipal  observations  we  have  to  make  chemical 
upon  the  origin  and  motion  of  springs,  rivers,  and  lakes,  waun.^ 
We  are  now  to  coninder  them  with  relation  to  their  chemi- 
cal natare.  We  have  already  remarked  the  property  which 
wat^  possesses  of  absorbing  atmospheric  air.  It  is  esti-- 
matedt  tiiat  fkwh  water  generally  hoMs  in  solution  tV  of 
it»  wei^  of  air.  A  certun  time  is.  necessary  before  it 
becomes  satnrated  with  salt,  and  all  the  elements  of  atmos-* 
jkimc  air  are  not  absorbed  by  water  with  equal  readiness* 
Pore  o^^gen  unites  most  easily  with  it:  The  good  quality 
of  trofk  water  consists  in  beiiq;  completely  saturated  witli 
oxygen,  which  must  be  frequently  renewed  by  the  running 
and  agftsction  of  the  water.  Its  had  quality  arises  either 
frsm  the  alteration^  or  tiie  superabundance  of  the  oxygen ; 
and  each  otthese  states  announces  the  presence  of  a  hetero- 
geneous substance  in  water,  capable  of  absorbing  more 
oxygen,  or  oi  altering  it  These  heterogeneous  substances 
are  earthy  salts,  sulphur,  lime,  gravel,  and  mud* 

These  principles,  completely  established  by  modem  che-lnfluenca 
mistry,  would  lead  us  to  believe  that  the  influence  of  local  ^^^l* 
expoanre  upon  the  nature  of  waters  is  as  powerful  as  Hip-  ^^' 
pocrates  has  represented  it.*    Waters  exposed  to  the  rising 
sua,  sajFs  he,  ave  limpid,  inodorous,  soft,  and  agreeable  to 
drink,  because  the  snn  at  its  rising  corrects  them  by  dissi- 
pating flie  fjofs  of  the  morning  which  may  have  mingled 
with  tkenu    Waters  lying  towards  the  setting  sun  are  des- 
titute ot  this  advantage,  and  are  not  limpid.    Those  which 
flow  towards  the  soiitA,  and  are  exposed  to  hot  winds,  should 
be  brackish,  not  very  deep^  and  consequently  hot  in  summer 
and  cold  m  winter,  and  likely  to  enervate  man,  and  to 
reader  faun  liable  to  several  maladies.     Lastly,  waters 
having  a  norfAem  exposure,  should  in  general  be  cold,  bard 

*  Traits  des  Airl,  des  Eaux,  et  des  Lietix,  4  9,  20,  22,  S5.    Edit,  de 
Coray. 
VOL,  I.  20 
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BOOK    and  nnpleomnty  tlie  use  of  them  draimi  owi^  ilie  milk  fiNHB 
XIII.    women,  and  renders  them  barren.    Bach  is  tiie  system  of 

""""^  Hippocrates ;  bat  we  ouf^t  not»  with  the  blind  admirers  of 
that  eminent  physician,  to  raitend  its  application  too  widely ; 
for  it  is  connected  with  his  ideas  apon  the  particdar  satare 
of  winds,  and  these  ideas  contain  only  local  tnitiiSy  appKca- 
ble^to  Greece  and  Asia  Minor. 

'^^^^^  The  waters  of  marshes,  pools,  and  aU  tiiose  wfaidi  stag- 
'  liate  onder  ground,  are  nnwholesome;  they  dissolve  asotic 
and  hydrogen  gases^  arising  horn  the  decomposition  of 
]dants,  insects,  and  fishes.  The  snrromiding  atmoiBphere 
is  loaded  with  tiiese  nozions  gases.  Tliey  who  Uto  nesr 
marshes,  and  who  drink  the  waters,  lead  a  miserable  life, 
never  acqnire  strength,  and  prematurely  fed  all  the  infirmi- 
ties of  age. 

In  Salogne,  (in  France,)  to  go  no  farther  in  quest  of  an 
example^  the  stagnant  humidity  gives  to  the  nativea  psk 
countenances,  languishing  eyes,  and  a  weak  voice.* 

Stagnant  waters  almost  alw^rs  absorb  a  great  quantity 
of  fixed  air,  or  carbonic  acid  gas ;  for  this  gas  is  carried  by 
its  gravity  towards  the  surface  of  the  waters,  and  does  not 
disengage  itselC 

Waters  of     The  woier  of  ittts  and  moumtetn^  differs  in  its  quafity, 

^untiUu.  According  as  it  filters  through  banks  of  pura  jrock,  itf  adus^ 
'  of  quarts,  or  at  sand,  from  all  which  substances  it  cm 
scarcely  derive  any  property  whatever;— or,  as  it  flows 
over  beds  of  potter's  eartA,whidi  it  neither  draws  along  with 
it  nor  dissolves;— or,  lastly,  as  it  traverses  ground  which 
is  calcareous,  marly,  gypseous,  impregnated  with  magnesia, 
salt,  or  bitumen.  Waters  of  the  kind  last  mentioned  are 
always  very  much  mixed  .with  heterogeneous  substances, 
and  for  the  greatest  part  of  the  year  are  hard,  turbid,  and 
unwholesome,  at  least  if  daily  used.  Hippocrates,  Homer, 
and  Plutarch,  have  long  ago  condemned  tiie  use  of  them*! 
Those  waters  which  have  clayey  bottoms  are  tiie  most  com* 

^  M^moire  de  la  Soci6t6  Royale  de  Medicinei  1776,  \u  61-- 73. 
^'  Uippocratepy  1.  c.  $  35,  ct  le  CorooientBire  de  Coray,  p.  107. 
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von;  iliey  imite  those  qoalitiefl  which  are  eaaential  to  sain-    book 
hrtty.    Those  whkh  iow  from  the  hard  rock  are  still  more   '""• 
pore  and  limpid^  as  the}^  most  undergo  a  process  of  filtra-  '^"^^^ 
tm  in  wearing  their  way  over  a  stony  bed* 

The  waters  of  lahe$  being  dwived  from  springs  andwatenof 
menb  partake  of  their  difierent  qualities.  There  are  some  ^"^^ 
lakes  whose  waters  are  extremely  limpid»  soch  as  the  lake 
ef  Geneva,  aad  that  of  Wetter  in  Sweden ;  in  the  latter^  a 
fiutiung  may  be  perceived  at  the  bottom  of  the  lake  at  ISO 
feet  d^th ;  but  the  lakes  whose  waters  are  motionless^  or 
saline  or  biteminous»  may  be  looked  upon  as  equally  un- 
wholesome  with  those  of  marshes. 

The  waUn  of  rmrs  contain  some  very  heterogeneous  Riv«r  wa« 
elenients^  which  seem  necessarily  to  counteract  each  other ;  ^* 
and  it  is»  perhaps,  as  much  owing  to  this  reciprocal  de* 
itruction  of  pernicious  parinciples,  as  to  continual  motion^ 
that  rirer  watw  is  so  generally  serviceable  to  the  wanto  of 
man,  and  supporte  the  freshness  and  purity  of  the  atmo- 
sphere wherever  they  flow.  It  often,  however,  forms  a 
sediment  of  gravel  and  mud ;  and  Hippocrates  imagined, 
fiia^  when  used  as  a  constant  beverage,  it  produced,  amongst 
other  maladies,  that  of  the  stone.* 

WM  water,  by  remaining  too  long  motionless,  frequently  Weii  wa* 
tcquires  the  bad  qualities  of  stagnant  waters.  *®'* 

8ea  water  acta  as  an  emetic  with  us,  but  the  inhabitanto  sea  mter. 
of  the  Island  of  Faques,  in  the  Pacific  Ocean,  make  it  their 
common  beverage.    Amongst  the  atmospherie  watere,  those  R^  wa- 
composed  of  ratn  are  the  most  wholesome  on  account  of  ^*'* 
their  softnew,  variety,    and  lightness.    Hippocrates  has 
justly  observed  the  admirable  process  which  nature  employs 
ui  distilling  the  vapours  raised  from  the  earth  by  the  action 
of  the  sun.    These  vapours  are  agitoted  and  rolled  about 
in  all  directions;  their  more  earthy  and  turbid  part  sepa- 
rate, and,  sinking  by  thmr  own  weight,  form  fogs;  the  re-* 
nainder,  more  subtle  and  more  light,  is  still  more  complete- 
ly dissolved  by  the  solar  heat    It  is  of  this  remainder  that 

*  Hippocrates,  1.  c.  4  S'U  and  et  le  Commentaire  de  Corat,  134* 
20 
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BOOK    the  Arfffm  of  rain  are  formed.    But  the  first  rttin  «k«t  fids 
xm*    after  a  long  drought,  in  passing  throo^  the  air,  boosMi 

charged  with  a  great  number  of  heterogeneous  sahalanGM, 

and  consequently  gets  very  Impwe  b^M«  it  nacbes  fte 
earth.    The  drops  wliich  follow  are  not  subject  to  this  in- 
convenimce,  but  all  rain  water  is  liable  to  be  soob  cor- 
ropted. 
Snow  and       Snffw  ond  ic€  woUt  have  an  ori|pn  very  dHferunt  fmm 
ice  water.  ^^^  ^f  j^i^  Water.    FoT  suow  and  ice  being  fimnod  by 
the  absence  of  caloric,  are  consequently  dtstitnto  of  tte 
more  subtte  paHs  of  water.    Water,  therefin^  «  -which 
these  substances  are  dissolved,  ought  to  be  harder  and  hea- 
vier than  that  of  rain.    According  to  the  moot  aotliaatic 
accounts,  the  use  of  such  water  occasions  sweHings  ia  the 
throat  and  other  tumours.* 
Weight  of      The  more  water  is  mixed,  the  heavier  it  is.    Tte  fdlow- 
'"***"•      ing  comparative  statements  are  taken  from  BerpnaoB. 

Distilled  water  weighs,         -        -        -  1>000 

Spnng  water  of  the  purest  kind,  -  1,001  to  1,005 

River  water, 1»^^^ 

SeawateTf ^»^^2 

Stagnant  water,  -        .        -        -  1,102 

Mineral  After  having  considered  the  qualities  of  common  watery 
wauiB.  ^^  ghi^ii  „o^  make  some  observations  upon  mineral  vrnkrh 
that  is  to  say,  those  waters  which  are  combined  with  certain 
substances  of  the  mineral  kingdom,  in  a  quantity  sufioeat' 
ly  considerable  to  give  them  both  taste  and  colour,  proper- 
ties,  the  absence  of  which,  constitutee  the  essenttal  and  dis- 
tinguishing  characteristic  of  fresh  water.  These  ex&Mieoss 
sdbstances  are  cither  found  in  a  state  of  very  subtle  mecha* 
nical  division,  or  in  that  of  a  complete  chemical  sohitioii. 
It  is  extremely  difficult,  even  by  the  most  careful  analjsii, 
te  ascertain  exactly  the  proportions  in  wUch  thiqr  are  com- 
bincd.t    They  can,  therefore,  only  be  classed  in  a  uramcr 

*  Forster,  in  Comment,  de  Reb.  in  Scient.  Natural,  et  Medic.  Gestii,  »iv. 
224.    Corop.  ibid.  Suppl.  Decad,  i.  p.  453. 

t  Bergmann,  C^g.  Phys.  H  73,  74,  57.    Id.  de  Analysi  aquarum  in  OpuK. 
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fin*  firmn  beiBg  sMct    Acids  easily  combine  witb  water,  but    book 
thejr  as  rapiilly  incorporate  with  any  saline,  earthy,  or  me-    *'*'• 
talKc  substance,  so  that  addvlated  or  ga9eous  waters  scarce-  ^— * 
ly  ever  contain  fi-ee  unmixed  add.    The  spring  of  Latera, 
S2  miles  from  Viterbo,  and  that  of  Selyena,  46  miles  from  Acidulated 
Sinuia,  are  produced  as  examples  in  which  the  free  sulphu-  ^^  ^"* 
ric  acid  is  combined  with  water.*  The  lakes  of  Cherchiaio, 
of  Caste!  Nuovo,  and  Monte  Rotondo,  also  in  Italy,  present 
tiie  firee  boracic  acid  ;f  but  these  are  rare  cases.    Carbonic 
acid  is  met  witii,  almost  free,  in  the  spring,  called  Sawer* 
1ing9  near  Carlsbad  in  Bohemia.^  The  waters  of  tiiis  spring 
contain  a  quantity  of  the  acid  equal  to  their  own  volume ; 
tikose  of  Selz  or  Seltaser,  commonly  contain  onlyf ;  those  of 
Pyrmont  | ;  and,  those  of  Spa  |« 

The  acidulated  ferruginous  or  chalybeate  waters  are  the  Ferrugi- 
most  common.  We  could  reckon  some  hundreds  in  France  ten.  ^^" 
and  Germany.  The  acid  in  these  is  combined  with  ferrugi« 
nous  ochre :  we  also  ftnd  magnesia,  glauber  salts,  vegetable 
idkali,  and  muriate  of  soda^  so  that  an  imitation  of  them  is 
very  easy.  Bergmann  made  some  forty  years  ago  for  his 
own  ttse^  and  that  of  his  friends.  The  simple  chalybeate 
waters,  such  as  those  at  Forges  and  Aumale,  are  still  more 
oomDMn.  Those  of  Passy  contain  vitriol  or  sulphate  of 
iron,  and  become  black  witii  astringent  vegetables.  Bitter 
waiere  ave  charged  wiA  sulphate  of  magnesia ;  such  are 
fliose  of  Selttitz  and  Epsom.  The  steppes  of  Siberia,  to 
Ike  north-east  of  th6  Caspian  Sea,  have  a  number  of  lakes 
of  flds  Idnd.  They  almost  form  a  chain  from  the  Kuma 
and  Ban  Wolga,  reaching  beyond  the  Jenissei.$  Near 
ttese  pools  there  are  some  which  contain  alkali  or  carbon- 
ale  of  soda.    In  the  j^ains  of  Hungary  the  same  abundance 

Chmioo^Pfayf.  i.  HjrdrolocU  de  WaUerius,  (in  Swedlib ;)  de  Monnet,  (in 
French;)  dX>tto,  (in  German.) 

*  Vandelli,  de  Thermis  agri  Patavini*  Bergmann,  i,  346. 

t  Lavoisier,  Trait^  Elementaire  de  Chimie,  i.  266.  Fourcroy,  El^mens  de 
Chimie,  i.  500. 

%  Klaprothy  M6m,  de  Chimie,  i.  S20. 

f  Geori^i,  Description  de  la  Russie,  iii.  23—36. 
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BOOK  of  bitter  waters  is  tamiL  Periuips  Hds  is  a  pmfttity  oob- 
^11^*  mon  to  all  the  basins  of  the  aaclent  flteditorraiieaii  seas. 
^  """"^  .ffiiimiaoiis  waters  are  not  very  numeroiisy  we  mention  only 
and'^a^'  tfaoso  of  Bath  in  England,  of  Crems  and  of  Halle  in  Ger- 
wator8,&c.  maay^*  and  two  or  three  in  Eussia*  The  M^jf  fifirinsB 
owe  their  properties  to  a  small  proportion  of  clay,  which  of- 
ten floats  on  ^e  surface  like  grease.  The  formation  of  the 
acidulated  waters  is  one  of  those  daily  operations  of  nature^ 
which  has  been  subjected  to  the  scmtiny  at  science.  Sun- 
ning waters  find,  in  the  bosom  of  the  earth,  acidiferoas|8ub- 
stances,  the  adds  of  which  either  disengage  themselves  by 
their  affinity  to  water,  or  by  the  fermentation  (which  a 
stronger  acid  causes  among  the  weaker  acids.  This  dmou- 
eal  process  is  perpetually  renewed.  lame,  which  contains 
two-fifths  of  its  weight  of  carbonic  acid,  supplies,  in  abund- 
ance^ mineral  waters  with  this  acid,  which  constitutes  their 
general  basis.!  Sulphuric  acid  is  disengaged  from  pyrites^ 
which  are  very  widely  distributed  over  the  earth.:^  Watms 
impregnated  with  this  acid,  will  dissolve  iron,  linie»  mag- 
nesia, in  a  word,  almost  all  substances*  SUex  itself  which 
for  a  long  time  was  considered  as  insoluhle  in  wata>,  ia, 
h<|wever,  found  dissolved,  not  only  in  the  boiling  water  in 
the  neighbourhood  of  volcanos,  as  in  the  springs  of  the 
Geyser  and  Raikum  in  Iceland,  but  also  in  springs  of 
a  moderate  temperature,  and  even  in  common  water.^  It 
was  at  first  imagined,  fliat  silex  became  soluble  only  by  its 
combination  with  the  mineral  alkali,  as  in  the  Geyser )  but 
it  has  been  proved  that  it  is  soluble  by  itselt  .  Mineral  wa- 
ters do  not  remain  in  that  state,  in  which  a  first  chemical 
operation  placed  them;  in  their  flowing  or  filtering,  tiiey 
sometimes  meet  with  a  salt,  and  sometimes  an  icid;  and 
fliese  diflbrent  substances,  by  uniting,  separatin|^  or  chang- 
ing, according  to  their  afllnities  wiOi  the  basis  of  mineral 

*  Ricbter  dans  CrtlU  Anna],  de  ChimM,  1788,  No.  W.  p«  324. 

t  Bergmann,  Gktg,  Phytiquei  i.  370, 

.   X  Klaprotb,  Mto.  de  Chimie,  i.  S16. 

«  Bergroann,  Diiwrtation  tor  la  Source  dTpsala.    Klaproth,  M^n.  de  CliN 
mie,  t.  340,  iqq.  319. 
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witars^  conmumcate  qualities  to  them^  which  serve  to  vary    book 
to  iBfinity  their  chemical  and  medical  nature.  ^^^'* 

We  most  not  imagine  that  these  combinations  are  all  of  : 

them  salabrious.  Without  mentioning  those  sulphurous  ^^^^^l""^ 
or  caibonic  fumes  which  arise  from  several  waters,  it  ap- 
pears very  certain  fliat  there  are  several  springs  impreg- 
nated with  arsenical  and  mercurial  vapours.  But  it  is 
wisely  and  beneficially  arranged,  that  it  should  be  almost 
always  under  large  masses  of  rociL  that  tiiese  frightful  la- 
boraUnies  are  buried,  in  which  nature  sustains  a  poisonous 
character.^  According  to  Bergmann,  arsenic,  before  it 
can  be  dissolved,  requins  14  or  15  times  its  own  weight  of 
hot,  and  90  limes  of  cold  water, — a  circumstance  which, 
joined  to  the  rare  occurrence  of  this  destructive  mineral, 
renders  arsenical  springs  extremely  uncommon. 

Th^re  are  also  siinple  metalUc  waterSf  that  is  to  say,  Metallic 
tiiose  in  which  minute  particles  of  metal  are  suspended,  ^^^^'^* 
and  which,  not  being  combined  with  the  fluid,  are  gradually 
deposited.  Besides  the  common  cementatory  waters,  as 
tiiey  are  termed,  which  yidd  iron  and  copper,  some  arq 
mentioiied  which  have  formed  a  deposit  of  argentiferous 
lead  in  a  mine  of  Konigsberg.  The  auriferous  rivers  do 
not  even  retain  the  particles  in  suspension ;  they  roll  along 
grains  of  gold  detached  from  some  rock.  These  waters 
are  not  mineral  in  the  proper  sense  of  the  word. 

8aU  waters,  or,  to  use  the  modem  term,  muriated  wa*  Salt  wa 
tos,  are  perhaps  the  most  common  of  all ;  but  they  rarely 
enst  in  a  state  of  perfect  purity.  They  occur  in  abundance 
along  the  Carpathian  and  UraUan  mountains,  and  in  general 
in  the  aone  comprised  between  the  50°  and  SO""  parallels 
of  northern  latitude.  More  to  the  north  they  are  hard- 
ly ever  found ;  farther  towards  the  south,  crystallized  salt 
abounds  in  certain  regions,  as  intlie  great  desert  of  Africa; 
bat  we  find  only  a  few  salt  springs  there.  It  is  equally  in 
the  temperate  zone  of  the  norfli  that  the  salt  lakes  are 

*  Vareniu9,  Gfosraphie  Clenerale,  ch.  17.  pr«p.  1^ 
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abondant    The  cmtral  ftat  of  Aria  haa  a 
xoi.    them. 

.  Whence  comes  that  saline  qaalHy  which  geaerally  char- 

ging" °  *  acteriaea  stagnant  lakes  ?    Some  say  that  tiie  aoU  in  the 
neighbourhood  has  been  originally  impregnated  wifli  salt 
This  no  doubt  is  one  way  of  removing  the  dSAority :  it 
wottldy  bowevery  be  no  easy  maltar  to  point  out  tbe  e«M^ 
motts  banks  of  salt  which  this  hypothesis  necesaarily  r^ 
quires.    Others  consider  M  these  salt  lakes  as  ibe  reaumis 
of  the  ancient  ocean,  wliichy  in  order  to  sobatanttate  oar 
theories  of  the  eartih  must  be  BU|qiosed  to  have  fonnerly 
covered  the  globe.    But  why  should  the  ocean  haw  par- 
ticularly affected  these  regions?    Why  are  not  all  the 
lakes  left  salt  and  braclush  from  the  same  cavse?    It  is 
the  opinion  of  very  able  and  accurate  observes,  especially 
of  Halley,*  that  all  the  lakes  which  receive  a  great  quan- 
tity of  fresh  water,  and  which  are  in  a  state  of  otagnatioB, 
most  liave  a  brackish  or  salt  taste^  from  the  oormption  of 
their  waters,  and  from  the  decomposition  of  anfmiU  and 
vegetable  substances  which  the  rivers  carry  thither.    There 
is  only  one  objection  to  which  this  pinion  is  liable.    We 
may  itakt  why  do  not  the  saltness,  and  especiidly  the  bit^ 
temess  of  these  lakes  progressivdy  augment?    But  is  it 
not  possible  in  some  measure  to  unite  these  three  opinisae? 
We  will  grant  that  the  ancient  sea  did  cover  tknse  ooaa- 
^ies;  and  we  will  si^pose  it  to  have  disappeaMd  from  the 
influence  of  absorption  or  evaporation,  and  not  in  coaie* 
qnence  of  any  efflux  either  sudden  or   b1ow#    We  shall 
then  say,  that  certain  soils  being  mora  oompact,  aM>re  gia- 
tinous,  more  cold ;  in  a  word,  soils  constituted  in  a  particfl- 
lar  manner,  would  be  able  to  r^ain  in  greater  qoantitj 
t|ie  saline  particles  of  the  ancient  sea,  which  were  alresdy 
crystallized;  ftnally,  the  decomposition  of  fresh  watery 
ond  of  animal  or  vegetable  substances,  so  fiur  as  it  goes^ 
ought  to  produce  salt.    With  respect  to  the  queBli<Hit  ^by 

*  Philosophical  TrapsMttons. 
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He  BaltaeaB  daes  Boi  iiiapeifle»  h  WMld  be  wmr  periMtps  ti» 

acknowledge^  (hat  the  caases  ef  tUs  ciromnstanoe  are  not 

known.  — — — — 

The  beat  ^ich  9ulpburaouB  ivaien^  er  ftese  charged  Warm  m1- 

been  ex|ilained  in  diffeient  ways.  Comaon  opinion  attri- 
butes thia  ^lenoneaon  to  the  deoonposition  and  coeriMM- 
tion  ^  the  pjrrites  over  wbiGh  the  waters  pass;  but  it  muf 
be  joat  as  possible,  that  beds  of  baming  eaal  may  act  aa  im- 
pertant  fiort  here.*  Whatever  thecause  maj  be,  hot  qNrittgB 
ue  c^rtainfy  one  of  tte  sMst  carious  pheneaMna  in  phyei- 
^^  9M)gmph]r :  their  heat  rises  sametines  te  aa  aatonisbiag 
degree.  The  epring  of  EraUand,  in  Iceland,  mouati  even 
to  103  degrees  of  the  centigrade  thermometer  of  Celsiiis. 

The  maat  AMgnifioeat  of  these  apruigs  is  the  great  ^9^ 
in  lodaad^  which  rises  iqi  ia  the  fnrm  of  a  pyramid  ef  wa* 
ter  and  fbeoi,  more  than  100  fset  hig^ ;  aMd  the  Slmfc,  in 
the  vicinity  of  the  Geyser,  that  spouts  np  liloe  a  stream  of 
water  ficom  a  pamp,  to  a  stUl  gmrter  heightf  This  polar 
island  behsMs  tiiailets  cf  lait  water  laving  its  ohores,  whidi 
are  gMkd  with  Aoaiii^  ice. 

Then  a»  some  waters  wUdi  am  capable  ef  taking  lira  Waterf 
wkbont  being  hot    SonwtiBMis  they  contain  inimnmable  ^^^  J{^ 
or  hydrogen  gas,  disengaged  from  mines  of  iron,  sine,  and  bie. 
tia,  dissolmd  by  the  sulphuric  and  muriatic  acids,    fitaeh 
ve  the  fountains  of  Porretta-Nuova,  Barigaao,  and  otheni ; 
mcb  is  the  rivulet  near  Bergerac,  which  can  be  set  on  fire 
with  lighted  straw4     Sometimes  fliese  waters  are  mixed 
wttfa  pitch,  or  bitumen,  especially  witti  nafdita  and  rock 
oil,  which  in  general  float  en  the  surfiioe,  and  bum  in  the 
besmn  of  water;  this  is  seen  at  Bafcou,  and  in  seneral 
(laces  in  Benmu    The  burning  lake  of  Icdand  appears  to 
Moi^  to  the  first  class,  and  it  te  not  improbable  that  it 
may  have  sometimes  taken  fire  of  itself.     Persons  de« 

*  Kiaproth,  M<m.  de  Chimie,  i,  S13. 

i  Sm  afterwards  the  Description  of  Iceland. 

\  Mimoires  de  rAcad^mie  dee  Sciences  de  Paris,  1699,  p.  96, 
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flenriag  of  credit  aaaert^  tiiat  they  have  aem  tbxjigm$  fa- 
fines  fiattaring  on  liie  sur&ce  ^  liie  lake  Wetter  in-  Sve- 
den* 

'^'^'^^^  IncrusHng  waters  onght  to  be  carefully  distingaished 
from  those  possessed  of  a  petrifying  property.  These  last* 
charged  wilh  siliceous  particles  extremely  minute^  pene- 
trate liie  pores  of  wood  and  other  substances^  and  substi- 
tnte  for  liie  elements  of  these  bodies,  other  crystallized 
dements  airanged  in  the  same  manner.  This  property 
shews  itself  stronger  than  any  where  else  in  Lough  Miagh 
in  Ireland,  and  in  some  few  springs  ;*  but  most  waters  pos- 
sess it  in  a  certain  degree.  The  Danube  and  the  Pregd 
petrify,  in  the  course  of  some  ages,  the  stakes  which  are 
planted  in  them. 

iDcrastiDg  Jhcrmting  waters  act  in  a  more  evident  manner,  by  depo- 
siting like  a  crust  the  earthy  particles  with  ^iiich  they  are 
loaded.  The  spring  of  Ouancavelicay  which  by  depositing 
calcareous  sediments,  furnishes  the  rough  stones  of  which 
the  neighbouring  towns  are  built;  the  beautifnl  alabaster 
formed  by  the  baths  of  St.  Philippe  in  Tuscany,  and  by  a 
hot  spring  near  Tours ;  the  deposits,  known  under  the  name 
o(  sugar-^tmms  of  TivoU;  the  magnificent  basin  which  the 
springs  of  Carlsbad  have  constructed  for  themselves;  and 
many  more  examples  might  be  referred  to,  but  it  would  be 
minecessary  and  superfluous  to  illustrate  so  simple  a  fact 
Let  us  ratiier  observe,  that  this  quality  of  incrustetioD, 
belonging  more  particularly  to  hot  springs,  is  likewise  found 
in  several  that  are  cold. 

The  ordinary  deposite  consist  of  calcareous  tufa  or  sand- 
stone. The  Geyser  deposite  a  siliceous  tufiu  These  obser- 
vations may  suffice  for  the  liieory  of  the  soft  and  mineral 
waters  collected  upon  the  surface  of  the  solid  earth.  A 
more  extensive  scene  now  invites  us^  the  immensity  of  the 


*  Bruckmanoy  Magasm  de  Hambourg,  156,  iv.  503.  etc. 
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BOOK  XIY. 

DmfiiwotuNi  of  ihe  Theory  of  Oeography^    Of  the  Sea,  omd 
Sea  water.    Of  Tides  and  Currents. 

Ths  sea  is  one  of  the  most  important  subjects  of  physical  ^^J^ 
gec^raphy.    The  ocean»  by  its  exhalations,  which  refiresh 
and  moisten  the  air,  supports  vegetable  life,  and  fumiishes 
the  necessary  supply  to  those  valuable  canals  of  running 
water^  which,  though  constantly  flowing,   never  become 
empty.     Without  the  kindly  influence  of  these  vapours^ 
which  every  moment  escape  from  the  surface  of  the  sea,  all 
the  earth  would  languish  like  a  desert ;  the  drying  up  of 
tile  ocean,  whether  slow  or  rapid,  would  probably  be  suffi- 
cient to  reduce  all  organized  nature  to  a  state  of  annihila- 
tion.    T%at  vast  mass  of  water  is  equally  useful  for  absorb- 
ing and  decomposing  a  great  quantity  of  noxious  gas,  and 
animal  and  vegetable  remains.    The  ocean  too,  by  aflbrd- 
ing  increased  facilities  to  commerce,  secures  the  advantages 
of  neighbourhood  to  nations  which  so  many  lofty  moun- 
tains and  so  many  rapid  rivers  seemed  to  have  separated 
tar  ever  from  each  other. 

If e  have  treated  of  the  varied  appearances  of  coasts 
which  form  the  common  boundaries  of  sea  and  land.  As  to 
the  bottom  of  the  basin  of  the  sea,  it  seems  to  have  inequa- 
lities similar  to  those  which  the  surface  of  continents  exhi- 
bits ;  if  it  were  dried  up,  it  would  present  mountuns,  val- 
leysy  and  plains.  It  is,  moreover,  inhabited  almost  through-  Bottom  of 
out  its  whole  extent,  liy  an  immense  quantity  of  testaceous 
animals^  or  covered  with  sand  and  graveL  It  was  thus  that 
Donati  found  the  bottom  of  the  Adriatic  sea;  the  bed  of 
ttttftceous  animals  there,  according  to  him,  is  several  hun- 
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BOOK    drod  feet  in  tliicknesa.*    The  celebrated  diver  Peaceoola, 
^i^*     whom  tiie  Emperor  Frederic  IL  employed  to  deBcend  iiit»> 
'  the  strait  of  Messina,  saw  there  with  horror^  enonnoii 

polypi  attached  to  the  rocks,  the  arms  of  which,  beiBg »» 
yeral  yards  long,  were  more  than  sufficient  to  strangle  i 
man*!  In  a  great  many  places,  the  madrepores  form  t 
kind  of  petrified  forest,  fiud  at  the  bottom  of  tiie  sea«  aid 
frequently  too,  this  bottom  plainly  presents  different  fatyen 
^  rodw  affd  earth.    The  granite  rises  np  in  duurp  poiiitrf 


Near  Marseilles,  marble  is  dag  up  from  a  submarue 
^pmrry.  Tliere  are  also  bituminous  springs,  and  evet 
springs  of  fresh  water,  that  spout  up  from  the  deptkrf 
the  ocean ;  and  ki  the  gulf  of  Spesia,  a  great  spout  or 
fimntain  of  fresh  wstar  is  seen  to  rise  lika  a  liquid  hiILt 
Similar  springs  furnish  the  inhabitants  of  the  town  of  An^ 
dus  with  their  ordinary  beverage^ 

On  the  southern  coast  of  Cuba*  to  the  south-west  of  Ike 
port  of  Batabano,  in  the  Bay  of  Xagaa,  at  two  or  thm 
males  from  the  land,  springs  of  fresh  water  gush  iq»  «ii 
such  force  in  the  midst  of  the  salt,  that  smiUl  boats  cunot 
aj^iroach  them  with  safety ;  the  deqier  you  draw  the  water 
the  fresher  you  find  it»||  It  has  been  obsen^ed^  that  is  tk 
neighbourhood  of  steep  coasts,  the  bottom  of  the  sas  aiio 
sinks  down  suddenly  to  a  considerable  depth,  whilst  near  a 
low  coast,  and  one  of  gentle  decUyityf  it  is  only  gradntUy 
that  the  sea  deepens.51 
Depth  of  There  are  some  places  in  the  sea  where  no  bottom  las 
^'^^  yet  been  found.  But  we  must  notoonclude  thi^the  seaia 
really  bottomless;  an  idea,  which,  if  not  absiwd,  is  at  least 

*  Donati,  Storia  Naturale  Marina  del  Adriatico.  Maisigli,  Histoire  Pby- 
siqiM  de  la  Mer, 

t  Kircher,  MuDdus  Subterraneus,  I.  U.  c.  15. 

%  BpftUansani,  Jauroal  de  Plijfiqiic,  July,  tt86. 

^  Stvabo,  GeoK.  U  xvi  p.  T53.  ediu  Casaot  2°.  Conp,  Flmy,  KfL  Vat  f. 
31.  ii.  103. 

I)  Humboldt,  Tableaux  de  la  Nature,  i.  235. 

f  Dampier,  Voyage  round  the  World,  ii.  1 19.  Pontoppidan,  Natural  fftftory 
of  Norway,  i.  109,  On  Danish.) 
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by  n0  means  cmfinmuibk  to  the  analogies  of  nataral  science*    book 
The  moantains  of  continents  seem  to  correspond  willi  what    ^^* 
are  caUed  the  abysses  of  the  sea ;  but  now,  the  highest  — *--~ 
BKMUitains  do  not  rise  ts  20^000  feet    It  is  trae^  that  tibey 
bare  been  wasted  down  and  lessened  by  the  action  of  tiie 
elements;  it  may,  therefore,  be  reasonably  conclnded,  that 
flie  sea  is  not  beyond  dOfOOO  feet  in  depth ;  bat  it  is  inqioB* 
sible  to  find  the  bottom  even  at  one^third  <k  this  depth  with 
oar  little  instnraientSk    The  greatest  depth  that  has  been 
tried  to  be  measured,  is  that  found  in  tbe  northern  ocean  by 
Lord  Malgravre;  he  heaved  a  very  heavy  sounding  lead^  and 
gave  oat  along  with  it  cable  rope  to  tbe  kngth  of  4,680  tmH^ 
without  finding  the  bottom. 

The  level  of  seas  is,  generally  speaking,  tiie  same  every  LeTel  of 
whefe.  This  arises  from  the  equal  pressure  in  every  direc*  "•"■• 
tion  whidi  the  particles  of  a  fluid  exercise  upon  each  otlier. 
The  ocean  considered  as  a  whole,  has  then  a  spherical,  or 
rather  a  spheroidical  surface,  which  may  be  considered  as 
the  true  surface  of  our  planet  The  only  exception  to  this 
positifm,  may  perhaps  be  found  in  gulfs  and  inland  seas, 
which  have  only  a  slight  communication  with  the  ocean. 
In  these  parts  of  the  sea,  tbe  level  of  the  water  may  some- 
times be  a  little  more  elevated  than  in  the  ocean.  It  is  al- 
leged that  the  Dutch  found  the  level  of  the  gulf  of  the 
Zuyderzee  considerably  higher  than  the  North  Sea.*  It 
an^ears  more  probable,  that  the  Arabian  Gulf  is  more  ele- 
vated than  the  Mediterranean,  and  that  in  general,  smaU 
portions  (tf  sea,  open  only  to  the  east^  have  a  higher  level 
on  account  of  the  accumulation  of  the  waters  driven  into 
these  gulfs,  as  into  an  alley,  without  an  outlet,  by  the 
general  movement  of  the  sea  from  east  to  west,  a  movement 
of  which  we  shall  hereafter  speak.  There  are  also  me* 
diterranean  seas  where  the  level  of  the  waters  change  with 
the  seasons.  The  Baltic  and  Black  Sea  swell  in  the 
spring  from  the  abundance  of  waters  which  the  rivers  bring 
aJong  with  them.    These  two  interior  seas  approach  more 

^  Vareniu0,  General  Geography,  p.  101,  edit,  of  Newton. 
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SMK    nearly  tiie  nature  of  iakes,  which  have  generally  ahi(jkcr 
xiT»     level  than  the  ocean. 
''*'^'~'"*     Sea  water  contains,  besides  pure  water,  several  eitn* 
neous  sahstances,   in  proportions  which  vary  in  difoeit 
places. 
Muura^       Muriatic,  or  marine  acid,  TitrioKc,  or  sulpharic  add,  fix- 
tea  water,  ed  mineral  alkali,  magnesian,  and  sulphated  lime,  fena  ii 
general  the  component  parts.    By  boiling  or  by  evaporatioa 
in  the  air,  common  salt  is  obtained,  (muriate  <^  soda,)  wiiick 
is  preferred  for  salting  meat,  to  the  salt  of  springs.   The 
saltness  and  bitterness  of  sea  water,  renders  it  disagrw- 
able  to  Ihe  taste,  and  unfit  for  the  use  of  man. 
Saitnettof     The  saltness  of  the  sea  seems  in  general  to  be  less  towards 
^  ■•••     the  poles,  than  under  Ihe  equator.    There  are,  howe^w,  a- 
ceptions  in  certain  countries,  and  generally  in  all  gal& 
which  recdre  a  great  many  rivers.    The  following  obser- 
vations upon  this  subject  are  from  Bergmann."^ 

Near  Iceland,  the  sea  contains  of  salt,        -        -^^  to  ^  of  its  wt 

Near  the  coasts  of  Norwav,  North  Sea.t    -        -^  99  t  ^> 

la  the  Kattegat,  near  Warbeig,|         -        -        —  n  -^  " 

In  the  Baltic  Sea,  -        -        -        -        —  vri  ^ 

In  the  gulf  of  Bothnia,        -        -        -        -        iV  99  tv  )> 

C  Near  Northumberland,  —  „  yV  " 

Id  the  North  Sea,       <  Near  the  Thames.  —  „  ^  v 

(Upon  the  coast  of  Holland —  „  ^  n 

In  the  Irish  Sea,  near  Camberland,      -        -        —  n  -A  ^^ 

In  the  English  Channel,      -        -        -        -        —  99  A  " 

'  Coasts  of  France,    -        —  „  -^  n 


In  the  Atlantic  Sea, 
In  the  Mediterranean, 


Coasts  of  Spain,       -        — „  ^*y     ti 


Near  Castiglione,    - 

5  miles  to  the  north  of  Malta,     j^     ^ 

Sea  water  is  in  several  places  less  salt  at  the  sarbce 
than  at  the  bottom.  In  the  straits  of  Constantinople,  the 
proportion  is  as  72  to  62.  In  the  Mediterranean,  as  Si 
to  29.  It  has  been  found,  says  Bergmann,  that  in  Ae 
OSresund,  the  water  taken  at  the  surface,  and  from  tbe 

*  Physical  Qeog.  i.  431.    Comp.  logenhousz,  Experiments  upon  Vegetable?, 
p.  284. 
t  Hierne,  Tentam.  Chem.  iu  178. 
%  Swedenbourg,  Miscel.  Observat.  103. 
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dq[i&  of  5  to  £0  fiiiliioniSy  was  in  proportioii  to  melted    bomc 
snow  water,  as  10,047, 10,060,  and  10,189  to  10,000.    Wa-     "^ 
tor  ought  to  be  denser  and  heavier  at  a  certain  depth,  and  -""""*"'"* 
from  tiie  resolt  of  experiments,  in  which  a  pressure  has 
been  applied  to  it,  equal  to  what  it  sustains  1,800  fathoms 
from  tte  surface,  it  has  been  computed  that  at  that  deptti 
it  should  be  compressed  li^  by  ite  own  weight.    Sea  wa- 
tw,  by  acquiring  additional  saltness  seems,  at  a  certein  depth, 
to  lose  its  bitterness ;  so,  at  least,  it  appears  from  the  ob- 
swrations  of  Sparrmann,  who  took  up  a  bottle  of  sea  wa- 
ter firom  thB  deptii  of  60  fathoms,  and  found  it  had  the 
taste  of  fresh  water,  in  which  common  salt  had  been  dis» 
solved.    According  to  chemical  analysis,  it  had  very  little 
magnesia^"* 

Sea  water  experiences  great  changes  from  the  agitation  Variations 
of  the  waves,  from  the  variations  of  seasons,  and  from  the  ^g^of'iaa 
action  of  the  currents.  Near  Walloe,  in  Norway,  ivhere  water, 
there  is  a  salt-pit^  it  has  been  remarked,  that  the  sea  water 
taken  at  the  surface  contains  ^  of  its  weight  of  salt  at  the 
moment  the  ice  is  detached,  which  extends  30  feet  down ; 
whilst  the  salt  in  every  other  season  is  in  the  proportion 
only  of  ^  Upon  the  coasto  of  Cumberland,  in  England, 
a  still  stronger  evaporation  is  experienced,  as  there  is  ge- 
nerally ^  of  salt  in  the  sea  water,  which  is  sometimes  re- 
duced by  excessive  rains  to  -f^.  Upon  the  coast  of  Mala- 
bar, the  sea  water  sometimes  becomes  drinkable*!  In  the 
Sound,  the  waters  change  their  weight  and  saltness  with  the 
winds  and  currento:  when  they  come  from  the  east,  the 
water  weighs  only  i^iAnr  ^ore  than  melted  snow;  on  the 
contrary,  when  they  come  from  the  west,  it  weighs  -^t^. 
It  is  supposed  fliat  in  Iceland  the  sea  is  more  salt  during 
the  flow  than  the  ebb  of  the  tide,  whilst  in  the  Gulf  of 
Bothnia,  it  is  quite  the  contrary ;  for  the  inhabitanto  know 
by  the  progressive  increase  of  the  saltness  during  the  ebb, 

*  Bergmann,  dans  la  Magasin  de  PbyBique  de  Gotha,  ii.  cab.  i.  p*  99—101. 
C^d  edit.  German.) 
«  t  Duhamel,  Philos,  Burg.  ctt6  par  Bergmann,  i.  434. 
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BOOK    tlie  momeiit  when  the  flbw  i^proocbea    In  fliio  ^d^  liift 

^i^*    saltness  of  the  sea  is  in  general  greater  towards  flie  winter 

"^"""^  aad  leea  towards  the  summer  solstice^  which  unqoeationablr 

arises  not  only  from  the  flowing  cf  the  riTer%  hot  also  frooi 

the  melting  of  the  ice."* 


Origin  of  It  is  essior  to  perceive  the  great  adrantageo  reflaltiag 
^^^f^^^'&om  Um  saltttoBs  of  sea  water,  than  to  discover  its:  ortgiB* 
water.  Without  this  saltness,  and  without  the  agitotion  in  which 
they  aore  continually  kept,  the  waters  of  the  sea  would  he- 
come  tainted^  and  would  be  infinitely  less  adapted  fiir  the 
BMvtioB  of  vessels,  and  prohably  it  is  to  this  that  the  inhsr 
bttants  of  the  ocean  owe  their  existence.  But  whence 
comes  this  saltness  ?  Is  it  from  beds  of  salt  lying  at  the 
bottom  of  the  sea  ?  These  beds  themselves  appear  rather 
to  tonsist  of  deposite  which  the  sea  has  formed  by  prec^i- 
tation.  Does  the  saltness  originate  from  the  cormptimi  of 
river  water  i  It  seems,  in  fact,  that  the  fresh  water  which 
is  discharged  into  close  and  stagnant  lakes  becomes  cor^ 
nipted,  decomposed,  and  forms  deposite  of  salt  Now  the 
ocean  may  be  considered  as  a  great  lake,  the  common  re- 
servoir of  all  teri*estrial  waters.  But  in  this  csae,  it  is  said, 
that  the  saltness  should  increase  from  day  to  day.  Halley, 
who  broached  this  opinion,!  wishes  that  experimente  were 
made  which,  in  future  ages,  might  conduce  to  throw  light 
on  the  subject.  Several  modern  philosophers  consider  the 
sea  as  the  residuum  of  a  primitive  fluid,  which  must  have 
held  in  solution  all  the  substances  of  which  the  globe  is 
composed ;  that  these  sea  waters  having  deposited  all  the 
earthy  principles,  both  acid  and  metallic,  with  which  they 
were  impregnated,  there  remains  in  their  residuum,  (wU^ 
is  tiie  present  sea,)  some  of  these  elementary  pinciples  too 
intimately  combined  with  water  to  escape  from  it^  and 
with  respect  to  the  bitterness  of  sea  waters,  as  it  diminishes 
in  proportion  to  the  depth,  it  can  arise  solely  from  the  great 
quantity  of  decomposed  and  putrifying  animals  and  v^* 

^  Palinstruck,  OiBcier  Su^dois,  cit^  par  Bergmann,  I.  r. 
+  Philosophical  Transactions,  No,  334. 
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t^le  sAstanoM  vUek  float  in  the  ocean,  and>hich  the  run-    book 
Bing  waten  never  oease  to  bring  into  it  ^^^- 

Various  methods  have  been  emplojed  to  render  sea  water 
drinkable.  Hie  only  one  which  has  succeeded  is  distilla-  to\ender 
tion  5  bat  it  requires  too  much  cai-e,  and  too  much  fuel  to  J®,f„J^yV. 
be  made  nse  of  freque^itly,  or  on  a  large  scale.  Even  dis- 
tillatkm  does  not  divest  sea  water  of  all  its  bitterness,  when 
it  contains  sal  ammoniac*  TIios  mariners,  fliough  sailing 
in  the  midst  of  water,  often  $jee  themselves  exposed  to  all 
tbe  honors  of  dying  of  thirst  when  their  stock  of  fresh  wa« 
ter  has  been  exhausted.  But  should  they  be  fortunate 
enough  to  fall  in  with  floating  or  fixed  ice,  pieces  of  it,  when 
melted,  affbrd  them  Water  which  is  fresh,  although  a  little 
insipUL* 

The  colour  of  the  sea  varies  very  much  in  appearance,  but  Colour  of 
it  in  graerally  of  a  deep  bluish  green,  which  becomes  clearer  *•*  ^^^^* 
towards  tiie  coasts.  This  apparent  colour  of  the  sea  seems 
to  arise  entirely  from  the  same  causes  which  impart  a  blue 
shade  to  distant  mountains,  and  which  give  the  atmosphere 
its  a^are  hue.  The  rays  of  blue  light,  being  the  most  re- 
frangible, pass  in  the  greatest  quantity  through  the  aquatic 
flnidy  which,  from  its  density  and  depth,  maizes  them  under- 
go a  strong  refinction. 

The  other  diades  in  the  colour  of  sea  waters,  depend  on 
caoses  which  are  local,  and  sometimes  illusory.  It  is  said 
that  the  Mediterranean  Sea,  in  its  upper  part,  has  sometimes 
a  purple  tint  In  the  gulf  of  Guinea,  the  sea  is  white,  and 
around  the  Maldive  Islands  black.  TheVermeille,  or  Yer- 
Bdllimi  sea,  near  California,  has  received  its  name  from  flie 
red  colour  which  it  often  assumes.  The  same  phenomenon 
was  observed  at  the  mouth  of  the  river  Plata,  by  Magellan, 
and  also  in  other  places. 

It  is  not  impossible  that  a  great  number  of  certain  in- 
sects may,  for  some  time,  give  a  reddish  or  whitish  tint  to 

*  See,  amongst  others,  Forster's  Observations  made  during  his  Voyages,  p. 
^M)— 52,  (in  German.)    Brehmar,  Nouvelle  M6tbode  de  Distiller  l*Cau  de  raer, 
dsns  Voigt,  Magasin  des  Sciences  Natureiles,  vii.  417,  sqq. 
VOL.  I.  21 
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BOOK    an  expanse  of  nea.    The  infamon  of  certain  earthy  or  i 
^^^*     ral  substances,  the  nature  of  the  soil^  and  other  canaes,  may 
produce  these  appearances. 

The  green  and  yellow  shades  of  the  sea  arise  froaiiBarina 
vegetahles.    In  some  places,  these  vegetables  have  been  ob- 
served to  rise  to  the  surface  of  the  water,  and  cover  it  ea- 
tirely,  as  between  the  Canary  and  Cape  deVerd  klandsyin 
the  road  or  rade  which  the  Dutch  call  Kroas^etf  and  the 
Marine  vt-  Portuguese  Jfare  di  Sargasso.    This  marine  vegetation  pre- 
getation.    g^nts,  upon  a  large  scale,  phenomena  similar  to  the  effUnU' 
cence  upon  lakes.    In  the  lakes,  there  are  very  thin  masses 
covered  with  hair,  which  rise  during  the  day  to  the  sorfiuse 
of  the  water,  and  sink  beneath  it  during  the  night* 
Light  of  the     The  light,  or  sparkling  of  the  sea,  is  a  magnificent  and  im- 
^^'  posing  spectacle.  Sometimes  the  vessel,  while  ploughing  her 

way  ttirough  the  billows,  appears  to  mark  out  a  furrow  of 
^  fire ;  each  stroke  of  the  oar  emits  alight  sometimes  brilliant 

and  dazzling,  at  other  times  tranquil  and  pearly.  These 
moveable  lights  are  grouped  in  endless  varieties.  Here  thou- 
sands of  luminous  points,  like  little  stars,  appear  floating  on 
the  surface ;  and  then,  multiplying  together,  form  one  yast 
sheet  of  light*  There  the  scene  becomes  more  tumultuous, 
the  refulgent  waves  heave  up,  roll,  and  break  in  shining 
foam.  At  other  times,  we  see  large  sparkling  bodies  resem- 
bling the  forms  of  fishes,  purauing  each  other,  disappearing, 
and  bursting  forth  anew. 
Fhospbo-  ^^^  explanation  of  this  phenomenon  has  very  much  oo 
r«f cence  of  copied  the  attention  of  philosophers.  Yalisneri,  Rigaud, 
sea  am-  Dicquemare,*  have  shewn,  that,  on  a  number  of  occasions, 
this  light  was  produced  by  a  little  animal  called  the  gUno 
worm  of  the  sea.  This  animal  has  a  body  extremely  thin 
and  transparent,  is  possessed  of  astonishing  actrvity,  and 
emits  a  dazzling  and  vivid   light    The  observations  of 

*  Rigaud,  Journal  des  Savans,  1770,  Cabter,  de  Mai,  Dicquemare,  Journal 
de  Physique,  Octobre,  1775.  Vianelli,  Nuotc  Scoperti  alle  Luce  Noctoroc 
Venise,  1746. 
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Griseltni,  ofGodehea,  of  Dagelet,  and  of  Adanson,*  have  book 
proved  that  the  sea  contains  other  luminoas  animals,  parti-  ^^* 
cularly  8CoIopendr»t  and  polypi.  — — 

The  medusas  dart  from  their  antennae,  or  horns,  a  very 
strong  light,  similar  to  that  of  a  candle,  whilst  their  body 
remains  in  obscarity.f  The  pennatula  marina  throws  out 
90  much  light,  that  it  makes  all  the  other  fish  caught  in  flia 
same  net  quite  discernible  at  nighty 

All  the  Zoophytes  and  the  MoUusca  seem  to  be  phos- 
phorescent in  a  greater  or  less  degree.  The  observations  of 
M.  P6ron,$  and  Langsdorff,||  confirm  this  explanation  of 
luminous  phenomena  in  the  sea,  and  it  is  the  only  one  that 
can  be  admitted  as  general.  It  appears  that  this  emission 
of  phosphorus  arises  from  the  excited  state  of  the  vital 
spirits  in  these  difibrent  animals,  and  that  it  is  chiefly  at  the 
moment  of  amorous  enjoyment  that  they  cast  forth  so  bril- 
liant a  light  % 

Fougeroux,  Canton,  Forster,  and  other  accurate  ob- Phosphornc 
servers,  while  they  agree  with  respect  to  the  existence  of  ^JJ^^J^^ 
glow  worms,  think  that  the  light  of  the  sea,  when  it  ia 
tranquil,  and  as  it  were  united  with  the  water,  originates 
fi*om  the  decomposition  of  vegetable  and  animal  substances, 
collected  together  in  it,  and  which,  in  putrifying,  emit 
their  phosphorus.  Light  of  this  description  is  chiefly  ob- 
served In  long  calms,  and  after  great  heat.^  The  spawn  of 
fish  also  possesses  the  power  of  emitting  a  certain  light— it 
is  perhaps  to  this  cause  that  we  owe  those  luminous  ap- 

*  Lalande,  Letter,  &c.  dans  le  Journal  des  Savans,  1777.    Griselini,  Ob- 
arrations  sur  la  Scolopcndre  Marine,  Sec,     Journal  de  Physique,  1784|  Jan-  « 
Tier,  &c. 

t  Fonkal,  dans  Niebuhr,  Voyage  en  Arabie,  i.  p.  7,  (in  German.) 
t  Pbilosophical  Transactions,  vol.  liii.  plate  19.  Fig.  1 — 4.    Shaw,  Spallan- 
zani,  &c. 

♦  Pfron,  Voyages  aux  Terres  Australes,  i.  41.  Coinp.  Annales  du  Muse- 
um, ii,  cahier  2. 

II  Langsdorfi^  dans  Voigt,  Magasin  de  Physique  et  (i'Histoire  Naturelle, 
1.202. 

Y  Forster,  Observations,  etc.  p.  57-58.    Id.  dans  Sparmann,  Voyage  ao  Ca^ 
p.  5.    Canton,  Philosoph.  Transact,  vol.  lis.  p.  446.     Fougeroux,  tur  la  lu- 
mftre  que  donne  Teau,  etc.  M^moi^es  de  TAcad.  de  Paris,  1767. 
21 
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pearancM  in  the  Northern  seas,  which  are  called  hy  the  fith- 
xi^*    ermen  herring  lights.    This  marine  phosphoric  l^t  has 

""""""^  been  noticed  to  be  strongest  daring  a  storai^  which  has 
given  rise  to  the  belief  that  the  phenomena  was  produced 
by  the  friction  of  the  marine  currents.  Upon  this  aubjedy 
we  shall  quote*  a  reflection  of  Newton's :  **  Do  not  all  so- 
lids/* says  this  great  philosopher,  ^  when  they  are  healed 
beyond  a  certain  degree,  emit  a  portion  of  light— «nd  is  not 
this  emission  produced  by  the  vibratiH7  motion  of  their 
particles?  And  do  not  all  the  bodies  which  abound  in  earthy, 
and  particularly  sulphureous  particles,  throw  forth  light  as 
often  as  these  particles  are  sufficiently  agitated  ?  mmy  wt 
tliis  agitation  proceed  from  heat,  friction,  putrefaction, 
Irom  vital  motion,  or  from  some  other  cause?  It  ia^thnathit 
sea  water  in  a  strong  tempest  becomes  luminottab^f 

The  light  which  arises  from  living  animalcules  generally 
precedes  storms,  the  approach  of  which  they  thus  in  some 
degree  appear  to  bretelL 

Tempera-      The  temperature  of  the  sea  changes  less  suddenly  and  less 

tufe  of  the        .1      ^i  ..    ^      *  ^.         ^        x   .  o  ^        .  .     , 

sea.  easily  than  that  of  the  atmosphere.    Sea  water  is  a  had 

conductor  of  heat  Besides,  tiie  visible  solar  rays  cannot 
heat  the  bottom  of  the  sea,  as  they  only  penetrate  to  970, 
or,  according  to  Bouguer,  678  (Frach)  feet  Beyond  that 
limit  the  sea  receives  no  more  light— but  the  heat  perhaps 
penetrates  a  little  farther*  The  temperature  of  the  depth 
of  the  sea  would  appear  then  to  follow  that  of  the  interim* 
of  the  globe  in  diflferent  latitudes.  But  the  experiments  of 
M.  Peron  have  proved,  that  the  temperature  of  the  sea  at 
great  depths  diminishes  in  a  constant  prog^ression,  from 
which  fact,  however,  we  must  not  conclude  that  the  bothnn 
of  the  sea  is  actually  congealed.:^ 

Marine  ice.  Marine  ice  appears  to  be  produced  towards  the  poles,  ac- 
cording as  the  saltness  of  the  sea  diminishes,  and  ihe  rota- 
tory motion  of  each  point  of  the  globe  becomes  less  ra^d. 

*  Bajon,  Histuire  ^aturelle  de  Gayennei  voK  i. 

t  Nevvtou*8  Optics,  p.  114. 

t  P€ren,  M^moire  In  ^  riiutitat. 
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Ag  low  m  the  40tfa  degree  of  latitude,  large  pieces  of  ice  are  book 
seen  floating  upon  tlie  aea,  having  been  detached  from  some  ^^^* 
more  northern  place,  and  carried  along  by  the  currents 
which  flow  from  the  pole  to  the  equator.  At  50  degrees, 
it  is  oomraon  to  see  the  rivers,  the  lakes,  and  even  the  edges 
of  the  sea  covered  over  with  ice.  At  60  degrees  of  northern 
latitude,  the  gulfs  and  the  interior  seas  are  often  frozen 
over  tlieir  whole  surface ;  at  70  degi*ees,  the  floating  fields 
of  ice  become  more  frequent  and  more  enormous  ^  and  to- 
wards the  80th  degree,  we  find  the  ice  more  frequently  sta- 
tionary ;  not  because  the  sea  is  frozen  down  to  its  bottom, 
but  bocause  the  ice  then  sticks  together,  and  becomes  im- 
moveable from  the  vastness  of  the  masses  in  which  it  is 
accumulated.  All  these  phenomena  are  met  with  in  the 
southern  hemisphere,  but  in  a  more  rapid  progression,  so 
that  fields  of  ice  occur  at  70  degrees,  and  extensive  floating 
islands  of  ice  appear  in  great  numbers,  and  are  sometimes 
even  stationary  in  this  side  of  the  60th  degree  of  latitude. 

The  islands  of  ice  are  often  half  a  league  long,  and  rise 
160  feet  above  the  water.  These  enormous  masses,  so 
dangerous  to  ships,  are  formed,  it  is  said,  by  the  accumula- 
tion of  sheets  of  ice  which  glide  the  one  over  the  other; 
but  we  should  be  inclined  to  believe,  that  in  several  cases  the 
Busses  of  ice  are  like  crystals  formed  simultaneously,  and 
as  it  were  at  one  cast  Congelation  is  in  truth  nothing  but 
crystallization,  and  the  principle  which  determines  it  may, 
towards  the  poles,  be  exerted  with  a  force  beyond  our  con- 
ceptions. 

The  fields  of  ice  are  frequently  of  immense  extent    Cook  Appear- 

anG6  of 

found  a  chain  of  them  which  joined  Eastern  Asia  to  North  that  ice, 
America*  Tho  iqipearance  of  these  continents  and  islands 
of  iee  surpass  all  that  the  imagination  can  conceive.  Here» 
ve  fancy  that  we  behold  mountains  of  pure  crystal  and 
valleys  sown  with  diamonds*  There,  greyish  towers  with 
tiieir  rssplendpnt  peiiri»  seem  to  rise  above  a  rampart 
crowfied  with  ice.  The  magnifying  medium  of  a  hazy  at* 
Biosphere,  renders  this  spectacle  still  more  gigantic.  He 
most  have  a  heart  of  iron  who  dare  penetrate  into  these  in* 
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BOOK  hospitable  seas ;  for,  if  the  Tiavigator  has  not  to  fear  tem- 
^^^*  pestSy  which  are  extremely  rare  in  these  latitudes,  norwatwr 
'""^~""  spouts  and  hun*icanes,  which  arc  there  unknown,  he  will 
he  assailed  with  other  dangers  much  more  capable  of  ap- 
Dangcrs  of  palling  the  most  intrepid  minds.  Sometimes  huge  bodies 
tor  ^nVh*'  ^f  'ce,  impelled  along  by  the  winds  and  the  currents  of  the 
frozen  gea,  dash  against  his  frail  vessel ;  and  there  is  no  rofck  so 
dangerous  nor  so  difficult  to  avoid.  Sometimes  these  float- 
ing mountains  treacherously  surround  the  navigator,  and 
block  up  every  outlet;  his  ship  is  arrested  in  her  course,  and 
becomes  immoveable.  In  vain  does  the  feeble  axe  endea- 
vour to  break  these  enormous  masses,  in  vain  do  the  sails 
invite  the  winds;  the  ship  is  as  it  were  soldered  into  the 
ice,  and  the  mariner,  cut  off  from  the  world  of  living  beings, 
remains  fixed  in  a  solitude  of  death.  How  frightful  is  tte 
situation  of  those  who,  thus  hemmed  in  by  the  ice,  have  no 
other  resource  left  than  to  quit  their  vessel  and  walk  ovct 
that  consolidated  crust  of  sea,  which  is  every  moment  crack- 
ing and  ready  to  sink  under  their  feet !  When  almost  dead 
witli  cold  and  hunger,  they  consider  themselves  fortunate 
should  the  floating  piece  of  ice  on  which  they  sail  cast 
them  upon  the  sh  ]*e  of  Siberia,  or  Nova  Zembla.  But 
there  is  generally  very  little  hope  of  life  for  the  wretched 
beings  who  suffer  shipwreck  in  these  dreadful  regions. 
Either  the  icy  waves  engulph  them,  or  they  are  devoured 
by  the  tyrant  of  this  dreadful  empire,  the  white  bear;  or, 
lastly,  the  intensity  of  the  cold  extinguishes  the  vital  heat, 
their  feet  adhere  to  the  ice,  their  blood  no  longer  circulates 
in  their  veins,  and  the  polar  night  becomes  to  them  a  night 
which  is  eternal. 

An  ingenious  writer*  has  imagined,  that  the  poles  were 
each  of  them  surrounded  by  a  vast  cupola  of  ice,  so  eicten- 
sive  as  to  produce  by  its  daily  melting,  the  phenomenon  of 
tides,  just  as  the  melting  of  the  snow  in  the  Alps  occasions 
periodical  movements  in  certain  lakes  and  fountains;  but 
the  phenomena  of  tides  cannot  be  explained  in  this  maBner, 

^  Bernard  in  de  Saint-Pierre,  Etudes  de  la  Nature. 
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and  even  the  existence  of  two  similar  cupolas  is  very  doubt-    book 
fuL    As  a  certain  agitation  is  necessary  to  produce  ice,  it     ^^^' 
may  he  stippofted  that  congelation  was  more  of  a  permanent  ^^ 

character  towards  the  80th  degree  than  at  the  pole  itself. 
Some  sudden  squalls  of  wind,  ^hichnavigatoi*s  experience 
in  these  latitudes,  and  which  come  from  the  pole,  appear  to 
indicate  successive  changes  in  the  state  of  this  extreme 
point  of  the  globe.  It  is,  at  any  rate  certain,  that  the  melt- 
ing of  the  polar  ice  contributes  to  form  the  currents  which 
set  from  the  pole  to  the  equator. 

The  masses  of  ice  do  not  diffuse  so  piercing  a  cold  around 
them  in  the  region^  where  they  are  found,  as,  when  detached 
and  melting,  they  are  carried  by  the  waves  towards  other 
parts  of  the  ocean ;  for,  as  ice  is  formed  only  in  consequence 
of  the  absence  of  heat  or  caloric,  its  melting  is  occasioned 
by  a  new  combination  with  the  caloric;  which  it  absorbs 
with  avidity  from  the  surrounding  air,  and  consequently 
renders  it  extremely  cold. 

The  water  of  the  sea  yields  to  the  slightest  impression —  Motions  of 
and  although  its  density  and  weight  combine  to  retain  it  in  '^*^  ^^' 
a  constant  equilibrium,  it  is  agitated  to  a  certain  depth,  by 
▼ery  rapid  and  varied  motions.  These  motions  may  be 
classed  according  to  the  manner  in  which  the  particles 
move,  and  according  to  the  nature  of  the  agents  which  give 
rise  to  the  motion. 

Difference  of  direction  distinguishes  the  horizontal  motions 
from  the  verHcaL  In  the  firs^  the  water  flows  along  the 
surface  of  the  globe;  in  the  others,  it  retires  from,  and 
approaches  to  the  centre  of  the  earth.  Horizontal  motions 
may  be  direct  or  recurvedt  or  even  circular,  &c.  On  the 
extent  and  duration  of  the  motion  depends  the  difference 
between  osctUaftotis,  in  which  the  whole  mass  of  water  is 
moved  at  once,  and  undulations^  in  which  the  motion  is  pro- 
pagated from  one  part  of  the  mass  to  the  other. 

We  may  distinguish  three  kinds  of  motions  in  the  sea, 
considered  in  reference  to  the  causes  which  produce  them ; 
^  tides  are  sidereal  motions,  because  they  depend  upon  the 
influence  of  the  heavenly  bodies ;  general  currents^  and  the 
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BOOK  greatest  niimber  of  pvtioidar  cairmitSy  have  flioir  canaes  in 
XIV.  ^e  very  element  that  is  agitated  by  them;  these  then  an 
•  moHans  of  the  $ea  itself  The  third  kind  compreheDdg  d- 
mogpherieal  moti4m89  produced  by  the  actioii  of  the  winds. 
As  to  tliose  violent  oscillations  which  accompany  earth* 
quakes,  and  thus  evince  the  ocean  to  be  ounneetod  with 
volcaiios,  I  should  wish  to  call  them  $earquakea  |  they  de- 
viate much  from  the  series  of  ordinary  motions. 
RegioBt  of  We  may  distinguish  in  the  sea  three  regions  or  beds,  one 
t  •MM.  above  the  other,  but  without  any  constant  limit;  thefin^ 
agitated  by  the  winds,  is  the  region  qf  widulatians^-^ihiB  is 
immediately  followed  by  the  region  of  currents^  and  lastly 
conies  the  immoveable  regunh  where  the  density  of  the  pur- 
tides  from  pressure,  and  from  their  adherence  to  the  gkbe 
and  from  friction,  prevents  all  motion. 
Waves,  The  motions  of  the  air  produce  corresponding  motions  on 
the  surface  of  the  water.  Unequal  and  violent  winds  giTe 
rise  to  waves  which  tower  aloft  like  foaming  mountainst 
roll,  redound,  and  dash  against  each  other:  one  moment 
they  seem  to  bear  on  their  surface  the  goddesses  of  the  m 
who  come  to  sport  in  the  dance ;  the  nei^  they  are  involved 
in  the  fury  of  tlie  tempest,  they  appear  to  swell  with  rag<^ 
and  present  to  the  imagination  the  monsters  of  the  deep 
contending  in  wrath,  A  strong,  constant,  and  equal  wiii4 
produces  long  ridgy  waveSf  which  all  rise  as  it  were  with 
the  same  front,  push  forward  with  uniform  velocity,  and 
precipitate  th^nselves  in  regular  succession  on  the  shore. 
Sometimes  the  waves,  suspended  by  a  gust  of  wiodf  or  ar^ 
I'ested  by  a  current,  form  a  kind  of  liquid  wall,  to  the  im- 
minent danger  of  the  navigator. 
CaoM  of  All  these  oscillations  arise  from  a  current  of  airy  wbichi 
Sons^^'  by  dislodging  a  certain  portion  of  the  waters,  bus  destrogred 
th^  equilibrium  which  every  moment  they  endeavour  to  re* 
cover.  These  motions  ^ire  similar  to  those  of  a  pendulam; 
they  affect  only  the  surface  of  the  waters.  The  divers 
assure  us,  that  in  the  greatest  tempest,  calm  water  is  found 
at  the  deptli  of  90  feet.  Geometricians  have  attenytted  to 
subject  these  motions  to  calculation.    *^  The  rapidity  of  the 


propagatMNi  of  waveft,'^  says  an  eminent  pbUosepberft  t  ^^iviU 
he  the  eame  as  that  which  a  heavy  body  would  acquiie  19 
desc^ing  from  an  beightb  eqiud  to  the  half  of  the  d^th  e|' 
water  in  the  channel.  Consequentlyy  if  this  depth  is  one 
foot*  the  velocity  of  the  waves  would  be  S-^f^  feet  in  a  ee^ 
condy  and  if  the  depth  is  greater  or  les^  the  velocity  of  tim 
waves  will  vary  in  the  suhduplicate  ratio  of  the  deptbif  pr<h 
vided  that  they  are  not  too  considerable." 

We  ouist  distinguish  the  loaves  pt^odoced  by  fbe  momen^ 
tary  action  of  the  wind^  and  those  which  arise  from  the  m^ 
palsa  communicated  by  a  preceding  windt  or  by  a  oummW 
or  by  any  other  causey  Navigators  often  experienoe  iMa 
doable  oacillation,  whieb  contributes  to  augment  the  agita- 
tion off  the  vessel* 

Tbe  tides  are  reg^lar  and  periodica)  osciUationfii  wbic)i'^>^^* 
the  ooaa  of  tbe  terrestrial  globe  undergo  from  the  atbpao- 
tioas  of  tbe  celestial  bodies,  principally  tbose  of  tbe  mwn 
aadraii«t 

Let  w  first  consider  the  single  action  of  the  moon  upon  a<^^'^*/ 
tbe  sea;  suppose  then  that  luminary  in  the  plane  of  tiia*^* 
equator.  It  is  evident,  that  if  tbe  moon  eurted  upon  all 
the  particles  of  the  sea  an  equal  attraction,  and  parallel  to 
the  earth's  centre  of  gravity,  tbe  entire  system  of  the  ter* 
Nstrial  spheroid,  and  of  tbe  waters  which  cover  it»  wenU 
lie  influenced  by  a  common  motion,  and  their  relative  equi« 
librium  would  not  suffer  any  change.  This  equilibrinm  is 
distnrbed  only  by  the  difference  between  the  attractienn 
^icb  tbe  moon  eierts,  and  the  inequality  of  their  direotioMib 
Sene  paHa  of  the  globe  are  directly  attraoted  by  ^  moe% 
others  only  obliquely.  The  former  are  in  ee^innetien  wittt 
the  moon;  and  a  line  drawn  from  tbe  centre  el  tte  tve 
planets  would  pass  through  their  aeniitb.    The  laMer  eve  in 

*  Ll^r^syi  M^cam^ut  Ap£|lytiQ««f  ^  48|. 

t  fieniQuilUi  M^iDQwr^  couronn^  siir  If  flus  «t  ie  re|bix«  M«|QPU8  of  6ttl«r 
^od  Maclaurio,  the  latter  under  tb«  title  of  Theory  of  Flux  and  Reflux,  1740. 
Ulande,  Traits  sur  1e  Flux  et  Reflux,  1781.  Laplace,  Bftlkme  da  Monde* 
IdiM,  dans  lee  BA^moires  de  TAcadtole  d<8  flciaacef,  lYOO. 
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BOOK    quadratare  witb  the  moon,  tiiat  is  to  ssj,  a  line  drawn  from 
*>▼•     the  terrestrial  centre  to  their  zenith,  would  make  an  angle  rf 
•"  90  degrees  with  the  line  which  joins  the  centres  of  the  two 

planets.  The  attractive  fon^e  acting  obliquely  Is  decompos- 
ed, on  account  of  the  obliquity  of  its  angle  of  incidence ;  thus 
the  parts  in  conjunction  being  more  strongly  attracted  than 
those  in  quadrature,  the  weight  of  their  particles  is  dimin- 
ished. It  is  necessary  th<*n,  to  there  being  an  equilibrium ! 
in  all  parts  of  the  sea,  that  the  waters  should  rise  under  tbe  | 
moon,  in  order  that  the  excess  of  weight  of  the  particles  in 
quadrature,  above  those  in  conjunction,  may  be  compensat- 
ed by  the  greater  heighth  of  the  latter. 

The  waters,  however,  rise  not  only  on  the  side  where  the 
attracting  planet  is,  but  also  on  the  opposite  side,  because 
if  the  planet  attracts  the  superior  waters  more  than  it  at- 
tracts the  centre  of  the  earth,  it  also  attracts  this  centre 
more  than  it  attracts  the  inferior  waters  in  the  opposite  he- 
misphere. These  waters  then  will  approach  less  towards  I 
tlie  attracting  planet,  than  the  centre  of  the  earth  approach- 
es to  it.  They  will  remain  as  far  off  from  and  behind  tbe 
centre,  as  the  superior  waters  advance  from  it  on  the  side  of 
the  moon. 

Two  promontories,  or  eminences  of  water,  will  therefore 
be  formed  by  the  action  of  the  moon  upon  the  earth— 4)ne  on 
the  side  towards  the  moon,  the  other  on  the  side  opposite  to 
it,  which  gives  the  sea  an  ap])earance  of  an  elongated  sphe- 
roid, whose  g^eat  axis  will  pass  through  the  centre  of  the 
WA  and  B^^^u  <^d  of  the  earth.  It  is  high  tide  under  the  moon,  and 
low  tide,  in  tbe  opposite  point  at  ISO  degrees  of  distance ;  consequent^ 
ly,  in  the  two  intermediate  points,  or  at  90  degrees  distance 
from  the  moon,  the  tide  will  be  low. 

The  earth,  by  its  rotatory  motion,  successively  presents 
to  the  moon,  in  the  space  of  £4  hours,  all  its  meridians,  which, 
consequently,  are  found  by  turns,  and  at  an  interval  of  six 
hours,  sometimes  under  the  moon,  and  sometimes  at  a  dis- 
tance of  90  degrees  from  it :  Hence  it  follows,  that  daring 
the  time  which  passes  between  the  departure  of  the  moon 
from  one  meridian^  and  its  return  to  the  same  meridian^ 


VHTsicix  oxoo&Anrr.  331 

that  is»  in  the  space  of  a  lunar  day,  which  exceeds  the  solar    book 
day  by  about  50  minutes  and  a-half,  the  wat»*rs  of  the  sea     ^'^* 
will  ebb  twice^  "and  flow  twice  in  every  part  of  the  earth,  al-  "—"'^" 
though  in  a  manner  almost  insensible  in  those  places  which 
are  distant  from  the  path  or  orb  of  the  moon. 

The  earth,  in  revolving  upon  its  axis,  carries  along  with 
it,  to  the  eastward  of  the  moon,  the  promontories,  or  the  * 
most  elevated  particles  of  water;  these  will  still  continue 
therefore  to  rise  by  the  action  of  the  moon ;  and  although 
ttat  action,  already  less  direct,  is  diminishing  in  force  every 
moment,  yet  it  subsists,  and  continues  to  combat  with  the 
bertia  and  friction  which  retard  the  elevation.  It  is  for 
ttis  reason,  that  the  elevation  does  not  attain  its  maximum 
at  the  very  moment  ot  the  moon's  passing  the  meridian,  but 
about  three  hours  after. 

A  second  cause  tends  to  produce  the  same  effect.  The 
waters  placed  in  quadrature,  on  the  west  of  the  moon,  and 
carried  towards  conjunction  -with  that  planet,  by  the  rotato- 
ry motion  of  the  earth,  will  be  continually  accelerated  during 
the  quarter  of  the  day,  when  they  are  in  this  position,  and 
will  move  after  the  syzigies  or  conjunction,  with  the  sum  of 
tiiese  accelerations,  and  then  meeting  with  particles  contin- 
aally  more  retarded  than  the  earth,  they  will  form  two  con- 
trary currents,  which  will  place  the  greatest  elevation  at 
about  45  degrees  past  the  syzigies.  For  the  like  reason, 
die  greatest  depression  of  the  water  will  not  happen  at  the 
quadrature,  but  three  hours  after,  and  at  45  degrees  from 
ftat  point. 

If  we  now  imagine  the  sun  to  be  in  the  plane  of  the  equa-  Action  of 
tor,  it  is  evident  that,  as  its  action  is  similar  to  that  of  the 
moon,  it  should  excite  in  the  ocean  an  agitation  similar  to 
the  lunar  tides.  Thus  the  sea  would  ebb  twice  and  flow 
twice  during  a  solar  day ;  but,  on  account  of  the  immense 
distance  from  the  sun,  these  solar  tides  will  be  much  smal- 
ler than  those  which  result  from  the  action  of  the  moon. 
According  to  Lalande,  the  influence  of  the  moon  is  2^ 
ttmes  greater  than  that  of  the  sun ;  Laplace  considers  it 
«m  triple. 
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9909-  On  account  at  tb€  inequalf  ty  which  eadsto  betwaen  the  Bolar 
^^^*  nod  binar  daya,  the  action  of  the  sun  will  soonetinieB  change 
—  "*" '  tiie  position  of  the  lunar  tiies,  and  at  other  times  will  unite 
its  influence  with  that  of  the  moon.  In  the  sysygies  or  ess- 
junctions,  the  action  of  the  moon  concurs  with  that  of  th 
avn  to  raise  the  waters.  This  is  the  reason  why  thehigbest 
tides  happen  at  new  and  full  moon ;  or  when  flie  moon  b 
in  its  first  and  third  quarters.  In  the  quadratures,  tiw 
-waters  of  the  sea  are  depressed  by  the  action  of  the  son,  tt 
the  same  point  where  the  action  of  the  moon  raises  Hbm, 
land  reciprocally*  Thus  the  tides  of  the  quadratures  otiglit 
to  be  less.  But  the  highest  tide  does  not,  and  should  n«t 
Iu^>pen  precisely  on  the  day  of  the  new  and  full  moon,  M 
two  or  three  days  after.  The  reason  of  this  i8»  that  tke 
motion  once  acquired,  is  not  all  at  once  destroyed ;  it  con- 
tinues to  augment  the  elevation  of  the  waters^  although  the 
instantaneous  action  of  the  sun  is  in  reality  diminished. 

What  we  have  already  mentioned  regards  the  position  ^ 
the  sun  and  moon  in  the  equator.  Let  us  now  conader 
these  heavenly  bodies  in  their  valious  declinations,  and  we 
Hhall  see  the  elevation  vary  in  the  inverse  ratio  of  ihe  csbe 
of  the  distance  of  the  water* 

Without  entering  into  details,  which  would  require  na- 
thematical  demonstrations,  we  will  only  remnrkf  that  tbo 
proximity  of  the  sun  and  moon  seems  to  be  the  cause  to 
Great  whlch  we  must  refer  the  extraordinary  equinoctial  tides, 
tXlu^^^^  which  happen  most  frequentl^r ;  the  one  before  the  vend 
equinoXf  and  the  other,  after  the  autumnalf  that  is,  both 
of  them  at  the  time  when  the  sun,  paasing  through  the 
meridional  signsp  is  nearest  us.  But  this  does  not  happes 
every  year,  because  there  are  sometimes  variations  produc- 
ed by  the  situation 'of  the  orbit  of  the  moon^  and  by  the 
distance  of  the  sy^ygies  from  the  equinoxes.  The  greet 
inequalities  of  the  depth  of  the  aea,  the  situation  of  ^ 
coasti^  their  declivity  under  wato^t  sometimes  rapid,  somo' 
times  otherwise;  the  different  breadth  of  the  cbannds  and 
atraita ;  and,  lastly,  the  winds  and  currenta ;  all  these  IkA 
and  sometimes  accidental  circumstances^  alter  the  pitHP^ 
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of  the  tidM^-  wnkit  thdm  deviate  from  th»t  regularity  wbich 
they  would  have  maintained  in  an  open  8ea,**-aiq^eBt  ^^^' 
the  nnpetiu  of  the  flow  upon  the  coasts  of  confined  cImUi-  *""* 
neky  and  by  causing  the  degree  of  friction  to  which  the 
waters  are  exposed  to  vary,  shorten  or  prolong  the  relativta 
duration  of  high  and  low  water.  Thus  we  see  in  the  Islands 
of  the  South  Sea,  regular  tides  of  only  one  or  tWo  fcet  eleva^** 
tioDy*  whilst  upon  the  western  coasts  of  Europey  and  iqvott 
tte  eastern  coasts  of  Asia,  the  tides  are  extremely  strong 
and  subject  to  many  variations.  It  is  affirmed,  that  the  Ia« 
\uA  of  Formosa,  near  China,  experienced,  in  163^,  a  tido 
which  passed  above  the  chain  of  mountains,  wMch  traveraes 
the  island ;  but  it  is  rather  difficult  to  give  full  credit  to  thia 
phenomenon.  Upon  the  coasts  of  France,  which  border  the 
British  Channel,  the  flux  being  confined  in  a  basin,  and  at 
the  same  tine  repelled  by  the  coasts  of  England,  rises  to  an 
enoranous  height  |  at  St.  Maloes,  even  to  50  feet 

In  the  gulf  of  Hamburgh,  the  tide  is  sometimes  the  result 
of  three  combined  forces,  namely,  one  flux  coming  from  Htm 
straits  of  Calais,  another  flux  coming  from  the  Orkney  Is* 
luids,  and  turned  towards  the  German  ocean  by  the  polar 
corrent,  or  by  the  very  strong  north  west  winds ;  lastly* 
(as  I  believe)  the  repulsion  of  the  waters  of  the  Elbe  and 
other  rivers.  The  ordinary  tide  at  Hamburgh  rises  6  feet 
8  inches.  The  tide  of  the  syzygies^  that  is,  of  the  new 
wd  full  moon,  is  7  feet  3  inches.  But  when  the  wind 
blows  with  violence  from  the  north-west,  the  tide  rises  to 
18  (bet,  sometimes  even  to  more  than  20  feet  Hamburgh 
is  30  leagues  from  the  mouth  of  the  Elbe,  and  the  tide 
i&akes  these  SO  leagues  in  5  hours  23  minutes;  when  it 
^ves  at  the  mouth  of  the  river,  it  takes  from  three  quar- 
ts of  an  hour  to  one  hour  and  a  quarter  to  force  back  or 
OTercome  the  river  current  The  same  current  makes  the 
flood-tide  at  Hamburgh  last  only  4  hours  18  minutes;  and 
the  reflux  or  ebb-tide  8  hours  6  minutes.  This  example 
Riay  serve  to  explain  all  the  phenomena  of  the  tide^  when 

*  Forster^  Observatio^is  during  a  Voyage  round  the  World. 


334 


BOOK  VOIfBTBEHTH. 


BOOK 
XIT. 


^•at  with- 
out tidca. 


Tides  in 
gulfs. 


Maritime 
corrents. 


confined  in  a  narrow  channel,  and  acted  upon  by  a  carat 
contrary  to  its  direction. 

In  the  torrid  zone,  the  flood  tides  run  from  east  to  vest 
with  the  motion  of  the  stars.  In  the  northern  temperate 
zone*  they  come  from  the  south ;  and  in  the  soothern  zoncr 
from  the  north :  that  is,  both  of  the  temperate  zones  in 
ailbcted  by  the  influence  which  the  heavenly  bodies  have 
upon  the  torrid  zone;  the  waters  of  which  are  more  directlj 
under  tlieir  agency.  To  this  theory  there  are  exceptioB8» 
but  they  are  entirely  local.  The  frozen  tone  of  the  north 
has  very  few  tides ;  its  distance  from  the  equator,  the  land 
which  sufrounds  it,  as  well  as  the  ice  with  which  its  seas 
are  encumbered,  all  combine  to  destroy  the  effect  of  a  si- 
dereal  attraction.  We  know  nothing  of  the  southern  frozeii 
zone. 

If  it  be  obj  cted  to  this  theory  of  lunar  attraction,  tiiat 
there  are  gulfs  as  well  as  inland  seas  in  which  there  are  no 
tides,  we  may  answer,  that  these  phenomena  are  fresh 
proofs  in  fa\our  of  the  hypotliesis  against  which  they  are 
brought.  In  small  collections  of  water,  the  moon  acts  at 
the  same  time  upon  every  part ;  it  diminishes  the  gravitj 
of  the  whole  mass.  But  there  is  little  or  no  sarroanding 
water  which  can  come  and  accumulate  with  the  body  thus 
attracted  and  elevated ;  for  this  swelling  owes  its  origin 
less  to  a  vertical  or  perpendicular  motion  of  the  attract- 
ed waters,  than  to  the  lateral  flowing  in  of  the  neighbour* 
ing  waters,  in  consequence  of  their  superior  gravity.  This 
is  the  reason  why  the  Mediterranean  has  only  very  small 
tides,  which  seem  to  be  formed  chiefly  in  the  part  extending 
to  the  east  of  the  island  of  Malta,  and  to  proceed  north- 
wards into  the  gulf  of  Venice. 

The  ocean  communicates  the  effect  of  its  tides  to  thegul6 
and  inland  seas  which  have  their  entrances  turned  towards 
the  cardinal  points  whence  the  tide  comes.  The  Baltic 
and  Mediterranean  arc  not  in  this  situation.  But  Hudson's 
and  Baffin's  Bays  are,  and  there  the  tides  are  sensibly  felt 
The  gulf  of  Arabia  is  also  a  striking  example. 

Let  us  now  proceed  to  the  consideration  of  the  motm$ 
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9j  the  oaan  Usdf  9  thvit  is,  of  general  and  particular  ciMrreiUs^ 
It  is  remarked,  particularly  between  the  tropics,  and  as  Cur  ^^^» 
as  30  degrees  of  north  and  south  latitude,  that  there  is  a  ■  ' 
continaal  motion  in  the  waters  of  the  ocean,  which  carries 
tkeoi  from  east  to  west  in  a  direction  similar  to  that  of  the 
trade  wmd^  but  contrary  to  that  of  the  rotation  of  the 
globe.*  Navigators,  in  order  to  go  from  Europe  to  Ame* 
rica,  are  obliged  to  descend  to  the  latitude  of  the  Canary 
Islands,  in  order  to  catch  the  current,  which  carries  them 
with  rapidity  to  the  west.  They  observe  the  same  rule  in 
going  from  America  to  Asia  by  the  Pacific  Ocean.  We 
might  imagine  that  they  do  ttiis  on  account  of  the  trade 
winds;  but  they  assure  us,  that  the  action  of  the  atmospheric 
current  is  very  easily  distinguished  from  that  of  the  marine 
current.  Of  this  tliey  are  convinced,  because  the  vessel 
makes  more  way  than  it  could  do  with  the  assistance  of  the 
wind  alone.  This  fact  is  lii^ewise  proved  by  the  direction 
in  which  bodies  are  observed  floating  on  the  surface  of  the 
waters;  and  in  many  of  the  straits,  these  currents  are  at 
times  productive  of  effects  extremely  violent 

A  second  motion  impels  the  sea  from  the  poles  towards 
the  equator.  It  has  also  its  corresponding  motion  in  the  at- 
mosphere.  The  most  decisive  evidence  of  this  motion,  is  de- 
duced from  the  direction  of  the  floating  pieces  of  ice,  which 
invariably  proceed  from  the  poles  towards  the  equator. 

The  origin  of  these  two  motions  appears  to  depend  upon 
the  sun,  and  the  rotation  of  the  globe.    The  motion  which 
carries  the  polar  waters  towards  the  equator,  (and  which  I 
shaU  designate  by  the  names  of  northern  and  sovihem  polar  Polar  cor^ 
currents^)  is  explained  in  the  following  manner :  Every  day  ^^^ 
the  solar  rays  dissolve  an  enormous  quantity  of  ice ;  thus  the 

*  Rircher,  Mund.  SubterraD.  torn.  i.  lib.  3.  sect.  1.  Riccioli,  Geographia 
Reformata,  x.  3.  H.  Fournier,  Hydrographie,  lib.  ix.  c.  22.  Varenius,  G€ogr. 
Oen^rale,  ch.  ziv.  prop.  7,  aqq,  Pownal,  Hydraulic  and  Nautical  Obsertrations, 
>B  tbe  AUaotic  Oceao,  London,  1787.  Franklin,  Maritime  Observation*,  in  tli« 
Ttaniactioos  of  the  American  Society  of  Philadelphia,  vol.  ii.  p.  315,  iqq* 
Fleurieu,  dans  le  Voyage  de  Marchand.    Dampier,  Forster,  &c. 
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pdir  MM  have  alwaya  a  BuperabuiidMce  of  WMeiv  irhicli 
*'^'  tiMy  aadMYOw  to  diichai^.  As  the  water  ttndetr  Ae  equAtar 
""""'^  kaa  a  Ims  specific  gravity,  and  as,  moreover,  tkd  ti^hpfrMxm, 
whldi  is  v^  powerfal  under  the  torrid  »me,  abMtte  a 
graat  part  of  it,  it  is  necessary  that  the  neigbbMrifi^  wMers 
iiwuld  lloir  tciwanis  the  equator  in  order  to  re-^sUMish  the 
eqidlibriutti^  This  motion  is  propagated  from  one  aqualk 
regina  to  another  {  and  thus,  every  moment,  the  Gircttiiftprtar 
waters  are  impelled  towards  the  equator. 
riST'c^.  '^^  motion  from  east  to  west,  (which  may  be  caHed  a 
veDti.  '*  tr0pical  or  equatorial  eurretif,)  ^^ars  to  be  the  result  of 
more  complicated  combinations.  The  tmde  wind%  far  firom 
bakig  the  only  cause  of  flie  general  moHon  of  the  sea»  may 
ferhaps  be  rather  the  effect  of  it,  at  least  in  part  The  san 
And  the  moon  in  advancing  every  day  to  the  wes^  relatively 
to  4  Used  point  taken  upon  the  eartti,  ought,  accovdiiq;  to 
Bttflbtt^  to  draw  the  mass  ^  watere  on  towards  the  west 
Hifs  cirafimstance  retards  the  daily  tides,  so  that  the  flood- 
tide  maybe  constderad  as  aswellingof  the  tea,  which flmJcm 
the  tour  of  the  globe  in  S4  hours,  49  minirtes,  in  retreating 
each  day  towards  the  west;  whence,  it  may  be  concluded, 
timt  there  ought  to  be  an  habitual  tendency  of  the  waters  to- 
wards the  west  This  explanation  is  not  sufteient  Cm*  these 
phenomena :  the  following  appears  to  as  the  most  plausible. 
CaaM  of  The  action  of  the  sun,  and  the  terrestrial  rotation  coa- 
{^^^'■^^^fltantly  diminish  the  gravity  of  the  equatorial  waters^  and 
nnt.  evaporation  draws  off  a  quantity  infinitdy  greater  than  the 
rivers  can  supply.  The  waters  of  the  seas  more  distant  Cram 
the  equator,  are  ttierefore  impelled  to  (ill  up  tiiie  vaeaat 
^mcv ;  and  thence  arise  the  two  polar  currents.  Now  these 
watersf  which  come  from  the  colder  zones,  (particulariy 
in  the  great  ocean,  where  the  transition  from  one  climate 
to  another  is  more  rapid,)  these  waters,  I  observe,  have  a 
considerably  greater  weight  than  those  which  they  come  to 
rejdace.  But  the  most  essential  circumstance  is,  ftat 
they  possess  a    rotatory    motion   infinitely  slower  than 
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Ae  wtters  in  the  torrid  zone ;  but  these  polar  waters,  from    book 
Ae  force  of  inertiaf  do  not  at  once  lose  the  degree  of  mo-     ^^* 
tioii  which  they  first  acquired.    They  cannot  then  follow  ~~""~ 
the  rotation  of  the  globe  j  heary  and  motionless  in  them- 
selves, they  have   suddenly  fallen  into  the  sphere  of  the 
most  rapid  mobility ;  and  preserve  for  some  moments  their 
{riniitive  character.    But  flie  solid  part  of  the  globe  mov- 
ing with  velocity  to  the  east,  leaves  the  waters  always  a 
Utile  belmd.    Hence  they  ^eem  to  move  towards  the  west 
with  a  n^idity  proportioned  to  the  superior  velocity  with 
«Uch  the  solM  pai'ts  of  liie  earth  really  move  towards  the 
east;  and  thus  the  waters  not  readily  conforming  to  the 
rotatory  aiotion  of  the  earth,  retire  fhrni  the  western  coasts 
of  the  oontkient,  or  rather  the  eastern  coasts  advance  upon 

Sence  it  appears  Hiat  this  great  and  wonderful  motion 
is  only  a  vast  and  calm  oscillation,  depending  solely  upon 
the  equilibrium  of  the  ocean.  But  when  so  powerful  an 
osdUatioii  meets  witii  narrow  straits,  with  obstacles  which 
impede  and  divert,  without  stopping  its  regular  course,  it 
then  changes  into  a  current,  which  is  violent  and  often  very 
<uige»Nis. 

Let  us  now  endeavour  to  explain,  upon  rational  principles, 
fte  various  modifications  which  the  motion,  peculiar  to  the 
fta  Uidff  undergoes. 

The  Pacific  Ocean,  by  its  general  motion,  retreats  from  Currcnu  of 
the  coasts  of  America,  and  flows  from  east  to  west ;  and  E^,tera^ 
*M  motion  is  very  powerful  in  the  vast  and  uninterrupted  Ocean, 
tttent  of  that  sea.    Near  Cape  Corrientes,  in  Pern,  the 
M  a^ears  to  flow  from  the  land,  by  this  single  cause. 
Mips  are  carried  with  rapidity  fi^m  the  port  of  Acapulco 
ill  Mexico,  to  the  Philippine  Islands."*^    But  in  order  to 
i^rn,  they  are  obliged  to  go  to  the  north  of  the  tropics, 
to  seclL  the  polar  current,  and  the  variable  winds.    On  the 
^^ther  side,  the  south  polar  current  finding  no  land  to  im- 

^  See,  in  tb«  couise  of  thia  work,  Desciiption  of  South  America,  Ne^r  Hol« 
^*nd,lfew  Guinea,  and  th«  Philippine  Islands,  &c. 
vol.  I.  22 
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BOOK    pede  it,  carries  along  with  it  the  polar  ice  even  to  lalitedfls 

^'^*     where  the  motion  of  the  tropical  current  b^ns  to  be  HAL 

This  is  the  reason  why,  in  the  southern  bemispiierey  lloatiiig 


pieces  of  ice  are  met  with  at  50,  and  even  at  40  < 
Current  of      The  Pacific  Ocean,  in  its  motion  towards  the  west,  is  im- 

ihe  Strait  ,,.  .  ...  ««..«., 

of  Ban,  peded  by  an  immense  archipelago  of  flats,  islands,  snbaui- 
rine  mountains,  and  even  lands  of  considwable  exteat ;  it 
penetrates  into  this  labyrinth,  and  there  fonns  one  ourait 
after  another.  The  dimtion  which  the  principal  of  these 
currents  observe,  is  conformable  to  the  general  motloii  to- 
wards the  west  But,  as  might  be  eaqiected,  the  inequalities 
of  the  basin  of  the  sea,  the  coasts,  and  the  chains  of  subma- 
rine mountains,  sometimes  turn  these  currents  towards  tbe 
north  or  south.  We  may  easily  conceive,  that  a  strong  re- 
percussion of  the  waters  of  the  ocean,  in  consequence  of  .their 
meeting  with  a  large  mass  of  land,  (as  New  South  Wales,) 
,  may  even  produce  a  counter  current,  which  will  return  to- 
wards the  east,  and  which,  by  breaking,  will  also  produce 
other  currents  differently  directed.  Here  then  is  the  origin 
of  these  currents,  so  adverse  and  dangerous,  which  Cook 
and  La  Perouse  mention  in  their  voyages. 

The  principal  current,  setting  towards  the  westf  still  acts 
with  force  in  the  recently  discovered  strait,  which  aqparales 
New  Holland  from  Van  Diemen's  Land ;  this  is  the  cuirent 
which  bore  away  Captain  Flinders,  and  which  hindered  so 
many  ancient  navigators  from  entering  into  that  strait,  be- 
cause they  approached  it  in  a  direction  contrary  to  tiiat  of 
the  sea.*  The  same  current  flows  through  the  chaunel 
which  separates  New  Holland  from  New  Guinea;  but  hoe, 
from  the  innumerable  inequalities  which  it  meets  with^  it  is 
subdivided  into  several  currents,  of  varied  and  inconstant 
direction. 
Current  of  Let  US  now  enter  upon  the  consideration  of  the  Indian 
^^^"//''^Seas.  There  we  shall  find  the  celebrated  perpetual  cur- 
rent, which  runs  along  from  New  Holland^  and  from  the 

*  Flioder«y  Observations  during  bts  Voyage  to  tlie  Strait  of  Bass*    London« 
1811.    Compare  the  Voyage  of  Entrecasteatix,  i.  3S0. 
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Island  of  Sumatra,  always  to  the  north,  as  far  as  the  bot-  book 
torn  of  the  Gulf  of  Bengal.  This  current  arises  from  the  "▼• 
pressure  of  the  polar  currents  upon  the  largfe  opening  which 
the  Indian  Sea  presents  to  the  south.  That  sea  is  bordered 
towards  the  north  by  a  continent;  the  equatorial  current, 
whicli  is  formed  there,  is  therefore  only  fbeble,  or  altogether 
ceases,  as  there  is  no  mass  of  cold  water  passing  from  the 
north.  On  the  other  side,  the  Pacific  Ocean  cannot  carry 
its  impetus  thither ;  it  is  broken  and  dispersed  in  the  laby- 
rintii  of  islands.  Thus  the  influence  of  the  southern  polar 
streams  predominates  without  a  rival,  and  without  an  ob- 
stacle in  the  Indian  Sea ;  and  these  produce  that  perpetual 
current  which  sets  towards  the  Oulf  of  Bengal,  upon  a  line 
more  and  more  inclined  towards  the  north  west,  or  follow- 
ing the  conformation  of  the  coasts."*^ 

The  action  of  tlie  general  motion  of  the  ocean,  at  first 
weak  in  the  Indian  Sea,  as  we  have  already   mentioned, 
augments  by  degrees,  till  it  gains  the  ascendancy.    It  is 
easy  to  conceive  that  a  general  impulse  which  acts  in  a  vast 
fluid,  and  which  influences  all  its  particles,  ought  to  in- 
crease according  as  that  fluid  extends  in  the  direction  of 
the  moving  power.    One  part  of  the  sea  then  reacts  upon  DiHennt 
the  other,  and  the  sum  of  these  repeated  effects  becomes  in  ^"j  °j.'^^^ 
time  immense.     These  principles  show  why,  towards  the  seu. 
Island  of  Java,  the  natural  motion  of  the  sea  is  changed 
by  the  northern  current,!  of  which  we  have  already  spoken, 
and  why  this  same  motion  towards  the  west  is  found  in 
the  neighbourhood  of  Ceylon,  and  the  Maldivia  Islands. 
Bot  a  new  local  circumstance  again  makes  this  motion  de- 
cline from  its  natural  direction.    A  chain  of  islands  and 
shallows  extends  from  Cape  Comorin,  in  the  peninsula  of 
India,  to  the  northern  point  of  Madagascar.    The  princi- 
pal current  being  interrupted  by  these  obstacles,  turns  to- 

*  Varenitis,  Geog.  G^n^ale,  ch.  xiv,  prop.  24.    \*oya&es  de  Gentil,  de  Ma- 
cartDey^  and  de  Marchand,  &c. 

t  We  say  a  Nortbetn  CurreDt,  or  a  Southern  Current,  to  designate  a  current 
with  foch  a  direction. 
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BOOK  wards  the  south-west;  and,  in  maintaining  tiiat  direction, 
"^*  glides  along  that  chain  of  mountains,  some  of  them  sub- 
■"^^■^  marine,  others  on  the  shore.  Having  passed  Madagascar, 
it  turns  towards  Africa,  dashes  against  that  continent,  and 
sweeps  with  great  violence  the  coasts  of  Natal,  (Terre  M- 
tal)  in  Africa;  at  the  point  where  the  coast  of  Africa, 
turning  towards  the  west,  ceases  to  present  an  obstacle  to 
the  progress  of  the  water,  the  current  loses  all  its  impe- 
tuosity, and  mingles  in  the  general  motion  of  the  Ethiopian 
Ocean.* 
Current  of  ^e  have  Said,  that  towards  the  Maldivia  Islands,  the 
coait.  ^  principal  current,  or  great  mass  of  water,  turns  to  the  south- 
west ;  but  the  more  superficial  currents,  and  consequently 
the  most  variable,  continue  their  course  from  the  east  to 
the  west,  that  is,  towards  the  Gulf  of  Arabia,  and  the 
coasts  of  Zanguebar.  These  are  the  currents  which,  set- 
ting towards  the  south-west,  render  the  Mozambique  Chan- 
nel so  difficult  to  navigate,  and  which  have,  given  the  name 
it  bears  to  Cape  CorrimteSf  upon  the  coast  of  inhambane. 
They  reunite  at  the  bottom  of  this  Cape  with  the  perpe- 
tual current 

Let  us  remark  here,  that  in  general  the  currents  which 
do  not  extend  to  a  great  depth  under  the  level  of  the  wa- 
ters, are  liable  to  change  with  the  winds,  particularly  when 
they  blow  for  a  long  time  with  an  equal  and  constant  force, 
as  the  Monsoons  do.    These  are  the  winds  which  give  by 
turns  entirely  opposite  directions  to  the  currents  which  pre- 
vail from  the  Maldivia  Islands  to  Arabia  and  Zanguebar. 
The  shallows  and  rocks  with  which  these  parts  are  strewed, 
equally  contribute  to  produce  the  same  effect. 
Cumntfl        The  northern  current  which  runs  along  Nova  Zem- 
eMtero  ^    hla,  and  the  Island  of  Sumatra,  impels  one  of  its  branches 
coast  of     through  the  strait  of  Sunda.    This  current,  according  to 
^*^^'        some  authors,  is  the  same  that  predominates  in  the  Chinese 
Seas,  and  which  La  Perouse  found  to  be  of  such  strength 

*  Varenius,  G^ographie  Geiieralc,  ch.  xiv.  prop.  25. 
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in  the  gea  of  Japan^  and  in  the  channel  of  Tartary.*  But  book 
after  comparing  together  the  accounts  of  different  naviga-  ^i^* 
tore,  it  appears  to  us  that  the«e  currents  not  only  vary 
with  the  Monsoons,  but  that  no  connection  subsists  between 
tbem.  All  the  southern  and  northern  currents  that  we  ob- 
serve along  the  eastern  coasts  of  the  continents,  are  only 
necessary  continuations  of  the  general  motion  of  the  ocean 
towards  the  west;  the  waters,  impelled  by  this  motion  to- 
wards the  eastern  coasts  of  the  two  continents,  and  finding 
no  outlet,  noiast  with  much  force,  flow  back  along  the  coasts 
in  a  southern  or  northern  direction,  as  local  circumstances 
determine  them.  In  Behring's  Straits,  the  polar  current, 
which  brings  the  ice  from  the  polar  seas  to  the  environs  of 
Kamtchatka,  is  distinctly  felt 

Let  us  go  on  to  the  currents  of  the  Western  Ocean.  The  Currents  of 
form  of  the  basin,  whose  length  is  much  greater  than  its  l^^  oceaiu 
breadth,  is  what  in  a  great  measure  determines  these  cur- 
rents. The  first  current  which  presents  itself  to  our  notice, 
is  that  which  carries  forward  the  waters  from  the  Ethio- 
pian Ocean,  along  the  coasts  of  Brazil,  and  through  the 
Strait  of  Magellan,  into  the  Pacific  Ocean.  This  course  is 
conformable  to  the  general  progress  of  the  ocean.  It  would 
appear  from  the  voyages  of  Marchand  and  Ingraham,  that 
between  Terra  del  Fuego,  the  new  Georgia  of  the  south, 
and  the  Sandwich  Islands,  (or  the  ThuU  ^usfralis  of  Cook,) 
there  are  several  opposite  currents,  but  our  knowledge  of 
them  is  far  from  being  accurate. 

The  most  celebrated  perpetual  current  of  the  Atlantic  Current  of 
Ocean  is  that  which  commences  on  this  side  of  Cape  St.^u^,ti^^ 
Angustin,  in  Brazil,  and  extends  towards  the  eastern  coasts 
of  America.  It  is  extremely  rapid,  and  is  felt  in  all 
the  extent  of  sea  over  which  the  Antilles  are  scattered. 
Thb  current  is  only  the  result  of  the  general  motion  of 
the  Atlantic  Sea  towards  the  w6st ;  it  prevails  between  the 

*  Voyage  de  La  Mroute.    See  after,  the  articlet  of  Japan,  of  Corea,  of  the 
land  Veto,  $tc. 
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BOOK    30th  degree  of  northern,  and  the  lOfh  of  sonihem  latitiidei 
^'^*     and  begins  at  20  or  30  leagues  from  the  coasts  of  Africa. 
—""""'""  This  is  the  reason  why  European  Tessels^  in  order  to  proSt 
by  this  current,  and  the  trade  winds,  proceed  to  the  Canarj 
Islands  before  they  attempt  to  traverse  the  ocean. 
£e"uif  of      ^P^**  *^®  coasts  of  Africa,  within  the  limits  pointed  oat 
Guioea.     above,  there  exists  a  current  directly  contrary  to  the  pre- 
ceding ;  which  is  neither  less  rapid  nor  less  strady.    Ships, 
if  they  approach  too  near  these  coasts,  are  drawn  into  the 
Gulf  of  Guinea,  and  with  great  difficulty  get  out  of  it    No 
adequate  cause  can  be  assigned  for  this  singular  cunrent 
Some  authors  imagine,  that  there  are  two  currents  in  the 
Atlantic  ocean,  one  at  the  surface,  the  other  at  the  bottom; 
and  that  it  is  this  latter  which  brings  the  watM«  towards 
Africa ;  but  such  an  explanation  is  inadmissible,  flrom  fte 
well  known  fact  of  the  general  motion  of  the  sea^  which  is 
not  superficial,  but  which  pervades  the  whole  of  flie  mass. 
It  is  more  probable  that  the  current  in  question  comes  from 
the  Straits  of  Gibraltar,  along  the  coasts  of  Africa  onlj, 
where  the  waters  have  not  acquired  all  the  velocity  of  the 
general  motion ;  but  we  can  affirm  nothing  with  certainty 
on  the  subject 
Current  of     A  third  vcry  celebrated  current  is  that  by  which  the  wa- 
Mexico.  ^  tera  of  the  Atlantic  are  carried  violently  into  the  Gulf  of 
Mexico,  and,  discharging  themselves  through  the  dumiuioj 
Bahama^  run  with  inconceivable  rapidity  towards  the  norUif 
or  rather  the  north-east    It  follows  the  coasts  of  the  Unitod 
States,  becomes  larger,  and  at  the  same  time  weaker,  and 
extends,  according  to  some  navigators,  as  far  as  the  coasts  of 
Scotland  and  Norway.    It  is  easily  known  by  the  beantifiil 
blue  colour  of  its  waters. 
Currents  of     The  polar  Currents  of  the  north  exhibit  very  remarkable 
Sea.  '^'*"  effects ;  it  is  they  which  bring  upon  the  coasts  of  Iceland 
such  an  enormous  quantity  of  ice,  that  all  the  northern 
gulfs  of  that  country  are  filled  with  it  to  the  very  bottom, 
though  they  are  often  500  feet  in  depth.    The  ice  is  some- 
times raised  up  so  as  to  form  mountains.    Some  years  no 
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ke^  but  immense  collectioiis  of  floating  wood^  particularly    book 
pines  and  firs,  are  cast  ashore.    It  is  in  the  semicircular    ^^^* 
koHow  of  the  northern  coast  of  Iceland  that  the  wood  and        ! 
ices  are  accumulated.    It  is  evident,  that  it  is  one  and  the  wmTd!"^ 
same  cause  which  brings  them  thither ;  and  as  it  id  impos- 
sible that  great  trees  can  be  produced  under  the  pole  itself, 
the  wood  can  come  only  from  Siberia  or  North  America. 

The  phenomenon  of  these  floating  forests,  which  are  only 
found  in  the  circnmpolar  seas  of  the  north,  has  very  much 
engaged  the  attention  of  geographers,  and  it  is  not  yet  per- 
fecUy  explained.  It  is  believed,  that  the  wood  is  drifted 
partly  from  the  Qnlf  of  Mexico,  by  the  current  of  Bahama, 
because  specimens  of  timber  have  been  occasionally  seen, 
which  "grows  only  in  Mexico  and  Brazil.  These  kinds 
however  are  in  small  quantities.  Siberia  and  the  unknown 
lorthem  coast  of  America,'  contribute  probably  much  great- 
er portions.* 

It  is  rerj  probable,  that  there  may  be  in  the  same  place  Double 
a  double  local  current,  the  one  above,  near  the  surface  of^"'^'^''^^* 
fte  water,  the  other  at  the  bottom.  Several  facts  seem  to 
prove  this  hypothesis,  which  was  first  proposed  by  the  cele- 
brated Halley.  In  the  sea  round  the  Antilles,  there  are 
some  places  where  a  vessel  may  moor  itself  in  the  midst  of 
a  currenty  by  dropping  to  a  certain  known  depth,  a  cable 
to  which  is  attached  a  sounding  lead.  At  that  depth,  there 
Bust  unquestionably  be  a  current  contrary  to  that  which,  is 
St  the  surface  of  the  water;  the  stationary  and  quiet  situa- 
tion of  the  vessel  arises  from  the  equality  of  the  two  forces 
which  act,  the  one  upon  the  ship,  and  the  other  upon  the 
cable  with  the  sounding  lead.!  Similar  circumstances  have 
been  observed  in  the  Sound.  There  is  reason  to  believe 
that  the  Mediterranean  discharges  its  waters  by  an  inferior 
or  concealed  current.  A  difibrence  of  density  in  the  beds 
of  water,  a  great  rapidity  of  motion,  and  the  coherence  of 

^  8m  for  a  more  detailed  opinion,  the  article  Iceland,  of  this  work. 
t  Obsenrationi  of  Dr.  Stubbs,  in  the  Philosophical  Transactions,  No.  27. 
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ioid  particles,  are  plausible  reaaona  In  farov  of  this  hype- 
^'^*     thesis  of  double  cunreata, 

^      7^     It  is  more  easy  to  prove  and  ex^ain  the  eriaiattce  off  ftp* 

eurrentf.  posite  Currents  which  pass  along  by  the  side  of  each  otiier. 
In  the  Kattegat*  a  northern  current  proceeds  from  the 
Baltic  along  the  coasts  of  Sweden,  and  another,  a  mutliem 
current,  enters  into  the  Baltic  along  the  coasts  of  Jnflaad* 
In  the  North  Sea  there  is  a  north  current,  which  comes  (i«ia 
the  Fas-de-Calais,  or  that  part  which  separates  the  En^ish 
channel  from  the  North  Sea,  and  a  south  current  which  goes 
from  the  Orkneys  along  the  British  coast  The  great  riverflb 
while  discharging  themselves,  occasion  eurronts  at  tiieir 
mouth  often  contrary  to  those  of  the  sea.  It  would  be  so- 
perfluous  to  produce  any  examples  of  thm. 

waSr  *^  When  two  currents  of  a  more  or  less  contrary  direction, 
and  of  equal  force,  meet  in  a  narrow  passage,  thej  both 
turn  as  it  were  upon  a  centre,  which  is  sometimM  spiral 
until  they  unite,  or  one  of  the  two  escapes*    This  is  what 

^'1'      is  termed  a  whirlpool  or  eddy.    The  most  cdebratod  ar^ 
the  BuripuBf  near  tiie  Island  of  Euboea^  Charfhdi$f  in  the 
straits  of  Sicily,  and  the  MTaUtramf  in  the  north  of  Nor* 
way.     These  eddies  sometimes  augment  their  force  by 
means  of  two  contrary  high  tides,  or  by  tiie  action  of  te 
winds  I  they  draw  vessels  along,  and  dash  them  against  the 
rocks,~or  engulf  them  in  the  eddies,  the  wrecks  not  Appear- 
ing till  some  time  afterwards,    Up<m  this  simple  grMud, 
very  marvellous  fables  have  been  invented,  and  mMtion  h» 
been  made  of  gulfs  at  the  botfami  of  the  sea,  and  snMer- 
raneouB  rivers,  and  other  things,  the  existence  of  which  is 
quite  imaginary. 
Depth  and     The  depth  of  currents  is  a  physical  problem  very  difficolt 
of^umms.  ^  ^1^^    "^^  perpetual  currents,  however^  (torn  their  ra* 
gularity,  and  from  their  extremely  strong  action,  even  in 
the  greatest  calmt  sufficiently  indicate  that  they  have  a  con* 
siderable  depth.    Their  rapidity  is  no  better  known.    It  is 
independent  of  winds  and  undulations.    But  which  of  these 
two  forces  is  to  be  distinguished  as  that  which,  acting  pQ 
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Ond  soiface  is  more  sensibly  felt  hj  nayigators  ?  There  are 
many  other  questions  impossible  to  solve  that  might  be  ^^* 
proposed  on  the  subject  of  the  oceans — ^the  cradle  of  the  uni-  -'— * 
Terse,  and  perhaps  its  grave. 

^«fe.  The  facts  recently  brought  to  fig^t  retpecting  the  action  of  the  thip 
itsel/oD  tbecompassi  afford  reason  to  belieye  that  some  of  the  currents  men- 
tiooed  by  navigators  are  imaginary.  The  existence  of  these  currents  has  been 
inferred  in  maiiy  cases  from  the  difierence  between  the  uue  course  of  a  ship  as 
ascertained  by  observation,  and  her  apparent  course  as  shewn  by  the  compass. 
This  dillerencei  however,  is  explained  in  a  satisfactory  manner  by  the  deflection 
of  the  needle  from  the  magnetic  north,  by  the  action  of  the  mass  of  thi^hhip 
ofon  it ;  in  consequence  of  which  a  ship's  apparent  course  is  often  found  to  di^ 
frr  from  her  true,  by  one  or  even  two  points.  The  errors  in  reckoning  which 
tliis  prodiiced,  as  mariners  were  long  ignorant  of  their  cause,  were  oflen  ascribed 
to  coneniB,    See  Bain  an  tiu  FariMHsn  cf  Ike  Cempa«f ,  Edinburgh,  18t7, 
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Continuation  of  the  Theory  of  Geography.  Of  the  Fluid 
xohich  9urrownd$  the  OtobCf  or  the  Mmogpherc  Of 
Meteors. 

Hating  gratified  our  curiosity  with  contemplating  tbe 
wonders  of  the  earth,  we  proceed  to  the  consideration  of  the 
vast  assemblage  of  fluids  with  which  it  is  surrounded,  and 
which  may  be  said  to  constitute  an  integral  part  of  tbe 
globe  itself.  This  celestial  ocean,  which  is  called  tbe  at- 
mosphere, that  is  to  say,  the  sphere  of  vapoursy  forms  llie 
subject  of  our  present  researches. 
^JJJJ*^  The  atmosphere  is  the  grand  laboratory  of  natar^  in 
which  the  various  g;ases  exhaled  from  our  globe  are  col- 
lected together,  and  distilled,  mixed,  decomposed,  vola- 
tilised, condensed,  or  precipitated  in  an  endless  round, 
according  to  laws  which  chemists  often  in  vain  attempt  to 
discover.  All  terrestrial  beings  pay  tribute  to  the  atmo- 
sphere ;  all  receive  from  it  the  principles  necessary  for  life 
and  vegetation,  and  probably  even  inorganic  existence  is 
dependent  upon  it  There  is  perhaps  no  substance  which 
is  not  reducible  to  the  aeriform  state  by  heat,  wid  which 
cannot  be  rendered  a  solid  by  cold.  Were  this  planet  trans- 
ported into  the  temperature  which  Mercury  possesses,  a 
part  of  our  sea  and  of  our  land  would  evaporate,  and  min- 
gle with  the  atmosphere;  and,  on  the  other  hand,  should 
our  globe  at  any  time  wander  towards  the  cold  regions  of 
Saturn  or  Uranus,  a  great  portion  of  our  atmosphere  would 
be  condensed  and  pass  to  the  solid  form.  Our  atmopphere 
therefore  may  be  thus  defined :  ''  The  assemblage  of  all 
substances  capable  of  preserving  the  aeriform  state  at  the 
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degree  of  temperatare  which  prevails  around  the  terrestrial    book 
globe/'  xv. 

The  atmospheric  fluids  may  be  divided  into  three  classes: 
the  first  comprehends  air,  the  atmospheric  fluid  properly  species  of 
so  called  ;  the  second  consists  of  aqueous  and  other  vapours  ^ JaJSt*" 
suspended  in  the  atmosphere;  the  third  is  composed  of  the 
various  Jlvids  that  are  aerijorm,  or  supposed  to  be  su^^ 
which  shew  their  existence  in  the  atmosphere,  either  visibly 
or  by  their  efliscts.  We  shall  consider  the  bodies  compre- 
hended under  each  of  these  classes  only  according  t^he 
relation  which  they  bear  to  physical  geography^  referring 
such  of  our  readers  as  are  anxious  for  more  detailed  infor- 
mation,  to  those  excellent  treatises  which  have  served  as 
guides  to  us. 

jfir,  which  forms  the  greatest  part  of  the  atmosphere,  is  Air. 
not  a  simple  element*  Modem  chemistry,  by  analyziiig 
common  air,  and  by  again  compounding  it,  has  proved  that 
there  are  two  substances  which  enter  into  it  in  very  different 
proportions^  namely,  27  parts  of  oocygen  gas,  which  was 
formerly  termed  pwre  air,  and  73  of  occofic  gas,  otherwise 
caUed  impure  air.  Sometimes  we  find  only  71  parts  in  the 
hondred  of  azotic  gas^  and  2  of  carbonic  add  gas  or  Jixed 
air.  But  the  carbonic  acid  being  very  soluble  in  water^  is 
quickly  absorbed  by  rain,  so  that  ils  continuance  in  the 
atmosphere  is  but  momentary;  besides,  its  gravity  confines 
it  to  the  lower  regions.  On  the  other  hand,  inflammable 
otf ,  which  is  now  termed  hydrogen  gas,  gains  the  superior 
rc^ons  of  the  atmosphere  by  its  great  lightness.  This  gas 
appears  to  rise  even  to  a  greater  height  than  the  aerostatic 
haUoons,  machines  which  entirely  owe  to  it  their  ascending 
force.  Certain  it  is,  that  M.  Gray-Lussac,  at  the  height  of 
S0400  feet,  filled  a  bottle  with  air,  which  was  not  charged 
Vitb  more  hydrogen  than  that  which  we  breath.f 

It  is  only  oxygen  gas  which  is  fit  for  animal  respiration. 
But  if  it  existed  in  too  great  a  proportion,  it  would  be  the 

•  Haiiy,  Traits  de  Physique,  H  301—391. 

t  Libcf,  Dictionnaire  de  Physiquv,  au  mot  Air. 


sir. 
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BMS   neuft  of  exdtiiig  our  vital  8|urit8  to  mn  oxcoadTe  degree, 
>▼•     it  would  exhaust  our  strength,  and  in  fact  make  us  live  too 

"""""^  fast  On  the  other  hand,  UTiotie  gait  as  its  Greek  Bame  in- 
dicates, is  incapable  of  supporting  animal  life.  It  is  then 
the  mixture  of  these  two  gases  which  renders  the  atnuosphere 
so  farourable  for  anidnal  existence. 

Stittbrity  Plants  and  insects  absorb  and  respire  azotic  gas;  the 
e  air.  fp^^n^  especially  exhale  oxygen  gas,  only  however  when 
they  are  exposed  to  the  rays  of  the  snn.  Hence  the  reason 
wh||flie  air  in  a  fine  plain  lightly  shaded  with  wood  is  so 
salubrious ;  whereas,  in  the  interior  of  extensive  forests,  we 
generally  find  the  air  very  thick  and  unwholesome.*  But 
we  can  no  where  enjoy  air  better  fitted  to  support  the  vital 
powers  in  just  equilibrium  than  at  sea,  where  the  continoal 
motion  of  the  waters  preserves  the  oxygen  and  the  azote  in 
due  proportions. 

Colour  of  llie  air  is  a  fluid  so  extremely  rare  and  subtle,  that  it  be- 
comes sensible  to  the  touch,  only  when  in  motion,  for  ex- 
ample, when  the  wind  is  blowing.  In  its  state  of  purity  it 
is  equally  insipid  and  inodorous.  According  to  rigid  New- 
tonians, air  is  tramsparentf  or  rather  invuibU;  and  die 
asnre  colour  of  the  atmosphere  arises  from  tiie  greater  re- 
frangibility  of  tbb  blue  rays  of  lightf  Other  philosophers 
inmgine,  that  the  blue  tint  is  inherent  in  air,  that  is,  that 
the  particles  of  air  have  the  property  of  producing  ^  blue 
colour  in  their  combination  with  lighL^ 

Weic|it  of  The  weight  of  the  air  has  been  made  so  much  the  subject 
of  discussion,  that  we  shall  be  very  brief  in  our  observations 
eonoeraing  it  Galileo  has  demonstrated  the  weight  of  air 
by  the  difference  of  weight  between  two  vases  fliat  were  filled, 
the  one  with  compressed  air,  the  other  with  air  in  its  na- 
tnral  state.  The  air  pumps,  the  ascent  of  water  in  a  pipe, 
and  the  elevation  of  mercury  in  the  barometer,  are  idl  so 

*  lofpiihoufs.  Experiences  tur  lea  Plaotes. 
t  Newtoo,  Optice  Lucis.    Trails  de  Haiiy,  de  Libesy  etc. 
f  Goethei  Essai  sur  la  Thtorie  des  Couleun.    Comp.  BeripnaiiD,  Geogrt- 
pbie-Pbyiiquf y  ii.  24.    Fotircroy,  Syst^me  det  Connaiflfances  Cbimiques,  u  p* 
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many  proofs  of  this  fact.  The  pressure  of  a  cotamn  of  air  book 
reaching  down  from  the  extremity  of  the  atmosphere  to  the  ^^* 
level  of  the  sea,  is  equal  to  the  weighth  of  a  column  of  mer-  -— -"• 
cury  of  the  same  thickness,  and  of  28  inches  in  heightb. 
Take  a  tube  of  glass  about  a  metrc^  or  S  feet  11  lines  loog^ 
from  4  to  5  millimetres  (about  £  lines»)  in  diameter,  dosed 
at  one  end,  and  open  at  the  other;  fill  it  with  mercury ,  ap- 
plying your  finger  to  the  orifice;  invert  the  tube,  and  placo 
the  open  end  in  a  basin  containing  mercury ;  withdraw  your 
Soger,  and  you  will  observe  at  the  same  instant  the  mercury 
descend  in  the  tube  to  the  height  of  about  28  inches*  In  the 
same  manner,  in  our  common  pumps^  the  water  rises  to  a 
beight  of  32  feet,  (10.4  metres ;)  now»  this  hei|^t is  to  thatof 
28  inches,  the  heighth  of  the  mercury,  in  the  inverse  ratio  of 
the  densities  of  wat^r  and  mercury.  One  and  the  same  cause 
then  operates  here.  It  can  be  nothing  but  the  weight  of  the 
external  air  which  acts  upon  the  mercury  in  the  basin. 

Tb&  barometer^  a  well-known  instrument,  depends  for  the  of  theba- 
principle  of  its  construction  upon  the  experiment  which  we  ^d^u'^m 
have  just  now  described.    This  instrument,  which  indicates  j?  seog^A* 
the  pressure  or  weight  of  atmospheric  air,  serves  to  measure 
the  various  elevations  on  the  surface  of  the  earth.    The  ris- 
ing o»  falling  of  the  mercury  in  the  barometer,  is  inseparably 
connected  with  the  density  of  the  air,  which  varies  according 
to  the  weight  with  which  it  is  charged.    It  has  been  demon- 
strated, that  when  the  densities  are  in  geometrical  progress 
sion,  the  altitudes  are  in  arithmetical  progression.    We  can 
thus  ascertain  the  one  from  the  other.    The  methods  of  cal- 
cohition  invented  by  Deluc,  La  Place,  and  Ramond,  as  well 
as  the  rules  for  correcting  the  errors  occasioned  by  tempera- 
tore,  can  only  be  fully  developed  in  those  treatises  specially 
dedicated  to  the  higher  branches  of  physics."!^ 

Physical  geography  ought,  however,  to  express  her  gra- 

*  Laplace,  Mecanique  Celeste,  iv.  293.    Ramond,  Memotres  de  nnstitut, 
Hasie  des  Sciences,  vu  435.  tgq.  Hatiy,  Physique,  4f  414—430. 
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BOOK    titade  to  fhe  sciences,  for  having  broaght  to  perfection  an 
^^*     instrument,  the  multiplied  use  of  which  alone  enables  us, 


with  facility  and  dispatch,  to    form  extended  conc^tions 
respecting  the  configuration  of  the  mountains,  plains,  and 
EAcu  of  valleys  of  our  globe.    The  pressure  which  the  air  exerts  on 
^on'^o?''"'^  ^^^  ^^  surface  of  whose  body  is   15   square  feet,  is 
wtifhu      38,505  pounds,  and  the  variation  of  a  single  line  in  the 
height  of  the  mercury  produces  a  change  of  138  pounds  io 
the  pressure  of  the  air.    The  diminution  of  the  weight  of 
the  air  upon  very  high  mountains,  combined  with  other  cir- 
cumstances, occasions  vertigos,  nausea,  hemorrhages,  and  a 
feeling  of  universal  uneasiness.*    It  is  probable,  that  at  a 
very  great  height,  the  extreme  rarefaction  of  tiie  air,  the  ab« 
sence  of  azotic  gas,  and  the  abundance  of  hydrogen  gas, 
Freportion  would  cause  immediate  death.    The  proportion  subsisting 
the  weight  between  the  weight  of  air,  and  of  distilled  water  at  tiie  tern- 
witir  *"^  perature  of  zero  on  Reaumur's  thermometer,  and  with  a 
mean  pressure  of  28  inches  of  mercury,  according  to  the  Te- 
ry  accurate  experiments  of  M.  Biot,t  is  that  of  1  to  770,30. 
The  air  exerts  a  pressure  equal  on  all  sides,  otiierwise 
fragile  bodies  would  soon  be  broken.    The  moment  that  the 
equilibrium  of  its  parts  is  destroyed,  by  whatever  cause,  this 
property  produces  an  instant  exertion  to  re-establish  it;  and 
this  is  tiie  principle  of  all  its  movements.    It  is  also  neces- 
sary to  observe  that  the  weight  of  the  atmospheric  air,  in 
its  ordinary  state,  arises  perhaps  in  a  great  measure  finom 
the  presence  of  various  foreign  bodies  which  are  floating  in  it 
continually.    Lambert,  after  speaking  of  the  diflTerence  which 
is  found  between  the  actual  propagation  of  sound,  and  that 
which  theory  gives,  has  estimated,  that  if  we  consider  a  cu- 
bic foot  of  air  as  composed  of  684  parts,  S22  of  these,  or 
nearly  one-third  of  the  whole,  will  consist  of  extraneous 
matter.^: 

•  Saussure,  Voyages,  Nos.559  ct  2021. 
t  Haiiy,  Physique,  5  394. 
"I:  M^moires  de  Berlin,  176B. 
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The  dastkihi  of  the  air  is  ihe  property  which  it  possesses    book 
of  resisting  the  force  of  compression,  and  of  recovering  its     ^▼* 
wiginal  Tolume,  or  even  a  volume  of  greater  dimensions,  as  — ^"* 
won  as  the  compressing  force  ceases  to  act    We  cannot  ex- 
actly compute  the  limits  of  the  compressibility  and  the  dila- 
tability  of  the  air ;  we  know,  however,  that  they  are  of  vast 
orient    Boyle  affirms,  that  without  the  assistance  of  beaty 
he  has  dilated  air  13,766  times.*    Every  one  knows  the 
Banner  in  which  air  is  compressed  in  an  air-gun,  and  the 
force  with  which  it  can  thus  be  made  to  impel  a  balL 

The  greater  the  elasticity  possessed  by  the  air,  the  lar-  EzpansWe 
ger  space  it  occupies ;  in  other  words,  the  more  it  dilates  ^7*'  °^ 
hselL    Newton  calculated,  that  at  the  height  of  87  leagues^ 
the  air  would  be  many  thousand  million  times  more  rarified 
flian  at  the  surface  of  the  earttuf    But  this  rarefaction  must 
have  limits*     In  proportion  as  the  force  with  which  each 
particle  tending  to  escape  from  those  which  are  under  it,  be- 
comes less  than  the  force  of  gravity  which  draws  it  towards 
the  earth,  in  the  same  proportion  tiie  spring  or  elastic  pow- 
erctf  the  air  will  be  gradually  weakened.    The  dilatibility 
of  the  air  must  therefore  have  its   boundary  fixed  at  the 
point  where  these  two  opposite  forces  shall  be  equaL    As 
we  do  not  know  to  what  extent  the  progressive  rarefaction 
of  the  air  is  carried,  we  are  unable  of  course  to  determine 
tte  precise  height  6tib§  atmosphere.    There  are  various 
Be&ods  of  ascertaining  it^  which  are  all  correct  to  a  certain 
^ree,  but  still  insufficient  to  conduct  us  to  the  ultimate 
hottndary.    If  we  agree  with  Deluc,:^  and  regard  the  air 
tt  aether  condensed  by  gravitation,  it  will  follow,  that  if  the 
wth  were  the  only  great  body- in  the  universe,  its  atmosphere 
woold  know  no  bounds.    But,  as  there  are  other  globes,  air  Height  of 
at  a  certain  distance  must  commence  to  gravitate  towards  1^^^*^^^™®* 
^em,  and,  gradually  ceasing  to  dilate,  will  condense  itself 
anew.    This  however  conveys  to  us  no  positive  informa- 

•  Wallis,  Hydrostat.  Prop.  13. 
t  Newton,  Optice,  Quaest.  28. 
t  Modifications  de  1' Atmosphere,  vol.  ii.  p.  248. 
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\  aTttl  themaeltm  cf  nf rocttuM*  viuch 

>▼«     ttTDflennble  to  18  degima  befow  the  Jioriioii,  hut  Oejr  my 

'    with  Oie  tempenifaire;  howwert  bj  taking  a  awdiimit  wt 

may  conolode  the  height  of  the  atmovhero  ta  he  2j^/IM 

iSoety  or  between  15  and  dO  leagaes^*    The  barametar  wwU 

fiunish  a  siure  and  easf  mode  af  resoliring  the  qoestimiy  if 

air  was  not  camfiresaible;  bnt  the  diftrent  extent  of  bed% 

ar  partions  af  air,  of  the  eame  wright^  and  Ae  jveaaa^e  af 

heten^neoaB  bodies,  render  the  cakolation  long  and  «h 

certain.    Deluc  has  laund  that  the  heigiit  af  the  atmaq^heve, 

taken  at  ttuit  paint  where  the  mercorj  shall  riae  anlgr  one 

Uam,  will  be  15€^00  faet^  or  about  11  leagues,  and  that 

wtere  the  mercury  is  elevated  in  the  tube  onLy  one-tenth  «C 

a  lini»  the  heif^t  will  be  fil5»fi^  fact,  or  about  15  Ic 

aadahallL 

Variationt     The  teivestrial  atmosphere  either  dilates  or 

^i^*tof    itMlfacooedingtotheprevaknoeofheatorQfcald^    Under 

^atM).  the  eqaatsr,  the  rare&etian  produced  by  the  rays  af  the  ana 

^      anJAes  with  the  oentitfugal  force  in  canaing  the  atenwpkeBe 

to  nwM  in  aach  a  manner  as  to  farm  aronnd  the  earth  a 

spheroid  extremely  iattoned*    liaplace  imagines  that  the 

difference  between  the  two  axes  cannot,  at  its  maxinMUn^  be 

less  than  that  of  2  from  S*    It  is  yery  natural  to  ouppuss 

Aat  there  is  a  kind  of  flux  and  refluxin  the  atmosphere^ oir^ 

reaponding  to  the  tides  of  the  ocean.    But  D'Alembert  and 

Boscovich  have  shewn  Ihat  the  attractive  powers  of  the  ana 

and  moon  act  but  feeUy  upon  so  subtle  a  fluid  as  the  ntmo 

sphere*! 

Evapora-       '^^  immense  quantity  of  particles  which  tecrestrial  be* 

tion.  lu  dies  emit  by  evaporation^  rise  into  the  air  under  the  form 

iMsT*     ^  vapours.     Under  tiie  equator  this  trans^ratian  of  the 

globe  is  very  statmg,  and  even  the  polar  cold  daea  net  en* 

trniy  prevent  it    According  to  some  philon^phcn,  there 

eadalB  a  great  difiiarenee  between  tranfml  ewipuratUnh  by 

*  Lalande,  Astronomie,  vol.  ii.  p.  559. 

t  Mann,  M^moire  siir  Ic  Flux  et  Reflux  de  I'Atmosph^,  daoa  les  M^ooirrs 
dc  TAcad^mie  dc  Bruxelles,  torn.  iv. 
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which  only  the  particles  of  water,  transrformed  into  an  clastic    book 
laid  liM  in  the  air,  and  tumultuous  evaporation,  in  which      ^▼^ 
Ihe  dafltic  vaimirs,  disengaging  themselves  with  great  ra-         '     ' 
pdifyf  carrying  along  with  them  a  great  number  of  aqueous 
partkdes  ia  flidr  natural  state.* 

IVanqiiil  evaporation,  which  takes  place  in  temperate 
and  cold  regions,  does  not  so  much  change  the  natural  state 
tfthealniospliereaBthe  tumultuous  evaporation,  which  is 
in  conttnuftl  operation  in  the  torrid  zone.  The  aqueous 
paHides,  which  are  numerously  diffused  tiirough  the  atmo- 
ipiiera  in  liot  countries,  deprive  it  of  a  portion  of  its  calo* 
ric^  and,  consequently,  of  its  elastidty,  which  renders  it  less 
smrible  to  «very  kind  of  commotion,  and  explains  tiie  great 
steadiness  of  the  barometer  in  that  zone.  It  is  certain  that 
neither  the  periodical  rains,  nor  even  the  hurricanes,  can 
distorb  the  uniform  tranquillity  which  the  barometer  exhi- 
kiti  in  the  neighbourhood  of  the  equator;  whereas,  the 
marer  we  approach  tiie  pole^  so  much  the  more  considerable 
do  its  oscillations  appear.  Tliis  variation  of  weight  in  the 
atmosphere  in  tiie  temperate  zones  can  be  attributed  only 
te  tlie  variations  of  dasticity  produced  by  evaporation. 
The  difbrmt  nature  of  terrestrial  substances  also,  serves  to 
aiodify  evaporation.  The  azotic  and  carbonic  gases  abun-  Naturtof 
dastty  disengaged  from  many  rocks  and  earths,  cannot  be  ^^^^^^' 
nconcemed  in  that  chemical  operation  by  which  the  atmo- 
apherie  flaid  is  unceasingly  renewed.  A  number  of  earthy 
particles,  reduced  to  eactreme  tenuity,  rise  in  the  air,  as  is 
evident  from  the  saline  and  sulphureous  showers  which 
aonetimes  fiiB.  Even  tiie  quantity  of  the  evaporation  de- 
pands  upon  the  kind  of  substances  composing  the  surface  of 
fte  globe.    Earth,  mixed  with  wnter,  fiimishes  more  va- 

pmmthan  pure  water  ;t  owing  undoubtedly  to  a  sort  of 
toaentation  which  disengages  a  greater  portion  of  caloric.:|: 

IVom  a  similar  causey  water  evaporates  more  powerfiilly  at 

*  Hube,  sur  I'Evaporation,  p.  49--fi2, 10S--4e2. 
t  Bazin,  Mfoioira  da  rAcad^mie  da  Paris,  1741. 

t  U  it  DoTrachar  owing  to  the  greater  quantity  of  surface  which  tlie  water 
ihuB  moistening  the  earth,  exposes  to  the  action  of  the  atmosphere '  T. 
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the  moment  of  its  omgelatMMi.  The  air  is  impregnated 
^▼*  with  an  immense  quantity  of  yapoara  from  nammras 
plants;  the  evaporation  flrom  the  hdUmthiuM  ammmmtt  is  17 
times  greater  than  that  from  an  equal  extent  of  the  sur&oe 
of  the  human  body.  What  then  must  be  the  unflnence  of 
those  thick  forests  which  in  many  countries  still  cover  such 
vast  spaces ! 

The  majority  of  natural  irinlosophers  having  not  yet  with 
sufficient  minuteness  examined  the  various  ways  in  which 
evaporation  is  modified,  are  content  witti  affirming,  Aatpart 
of  tiie  water  which  rises  in  vapour  is  intimately  myigled 
with  the  atmospheric  air  which  dissolves  it;  this  water  is 
invisible ;  but  when  the  air  is  saturated,  the  watery  parti- 
cles which  continue  to  rise  are  no  longer  dissolved,  but  re- 
main suspended  in  vesicular  vapours,  the  union  of  which 
forms  the  cloucb  and  mtstt,  and  gives  rise  in  general  to  all 
Oftieoiftf  meteon*    It  happens  also  that  a  part  of  the  water 
dissolved  by  tiie  air  in  disengaging  itself  anew,  from  what- 
ever causey  assumes  the  form  of  vesicular  vapours. 
Aqaeoui        Aqueous  meteors  present  themselves  to  our  view  under 
two  forms :  suspended  in  the  air  as  mists  and  clouds,  or 
falling  to  the  ground  like  dew,  raiut  and  snow.    Cold,  by 
condensing  the  vapours  which  are  already  elevated  in  the 
air;  heat,  by  rarefying  the  air,  and  by  disposing  and  ex- 
citing the  vapours  to  disengage  themselves  and  ascend  from 
the  earth,  and,  in  short  any  change  whatever  in  the  physical 
constitution  of  the  atmosphere,'N'  produces  that  visible  union 
of  vapours  termed  misUf  when  they  are  extended  over  the 
surface  of  the  earth,  and  daud$  when  they  float  in  the  air. 
In  ascending  to  the  summit  of  mountains  the  traveller  fre- 
quently passes  through  a  zone  of  clouds,  and  beholds  the 
extensive  vapours  of  which  it  is  composed  stretched  under 
his  feet  like  a  vast  plain  covered  with  snowf^  but  even  on 
Chimborazo,  the  loftiest  mountain  of  the  Andes,  there  are 
always  to  be  seen,  at  an  immense  height,  certain  whitish 

*  Bergmann,  GCographie-Pbytiqucy  i  113,  114* 

t  Reicbardi,  Voyage  a^rien,  GAzette  de  Rerliu,  Juin,  1810. 
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doiidsp  resembling  flakes  of  wcioL    These  clouds,  which  are    bom: 
perhaps  a  handred  leagues  from  the  globe,  probably  owe     ^^* 
their  eleration  to  that  negative  electricity  with  which  they  — — — • 
are  charged,  which  repels  them  fi-om  the  earth,  while  posi- 
tive electricity  occasions  the  mists  to  descend.* 

Delac  observed  a  very  elevated  cloud  descend  with  rapi- 
dity towards  the  earth,  scatter  around  a  violent  shower  of 
nun,  and  then  with  equal  velocity  remount  to  its  original 
height.    This  was  evidently  the  effect  of  electricity.f   * 

«Mts(t  are  of  two  kinds,  dry  and  v)et;  the  latter  are  sel-  Mists. 
dum  to  be  met  with  in  the  torrid  zone,  but  they  continually 
brood  over  the  polar  regions.  It  is  easy  to  account  for  this 
diftrence ;  the  habitual  compression  of  the  atmosphere  and 
its  density  being  much  greater  towards  the  pole,  vapours 
can  rise  and  detach  themselves  from  the  earth.  The  dry 
fogs,  according  to  some  philosophers,  arise  from  subterra* 
neous  vapours;  they  exhibit  an  intimate  connection  with 
Tolcanic  eruptions.  Such  was  the  case  with  the  celebrated 
mist  which  in  irss  enveloped  all  Europe,  at  the  moment 
when  the  volcanic  fire  made  Iceland  tremble,  and  imme- 
diately after  the  disaster  of  Calabria4 

In  1755,  before  the  dreadful  calamity  which  befel  Lis- 
bon, a  similar  fog  overspread  the  Tyrol  and  Switzerland ; 
it  appeared  composed  of  earthy  particles  reduced  to  an  ex- 
treme degree  of  fineness.^  Among  the  aqueous  meteors  Dews, 
which  fall  to  the  earth,  none  has  given  rise  to  more  conjec- 
tures tiian  dew,  for  it  appears  to  have  a  two-fold  origin ; 
it  may  in  part  be  produced  from  the  transpiration  of  plants  5 
bat  the  greatest  quantity  is  formed  by  the  precipitation  of 
vapours,  which,  during  a  warm  day,  have  been  elevated  to 
a  considerable  height.  The  influence  of  electricity  in  this 
phenomenon,  is  quite  undoubted,  although  as  yet  lndi6*> 
tinctly  explained ;  for  it  is  only  after  a  day  in  which  th® 

*  Hube,  8ur  I'Evaporaticn,  chap.  i.  p.  391,  $qq» 
^  Deliic,  Modificationr  (te  rAlmosphferc,  ii.  724.   . 

t  Beroldingen,  Reflexions  sur  le  grand  bKouillnrd.  Biunswick,  1783,  (en  All.) 
^■gasin  d0  Physique  de  Gotha»  ii.  9,  iv.'  114,  v.  119. 
^  Lambert,  Act.  Helv.  torn.  ili.    Bergnifinn,  G'^ograpliie-Physiqnr,  ♦  123. 
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BOOK    air  has  been  highly  electrical^*  that  the  dew  Is  fbud  hi 
x^*      abundance ;  and  it  is  no  where  formed  in  larger  quantities 
than  on  the  surface  of  bodies  which  are  non-conductors  of 
electricity,  as  glass  and  porcelain.    Metals»  on  the  contrary, 
appear  to  absorb  it    There  is  hardly  any  dew  in  the  Polar 
regions,  in  dry  climates,  or  on  the  coasts  of  seas  in  tempe- 
rate zones.    It  is  much  more  abundant  in  hot  countries, 
where  it  is  often  a  substitute  for  rain ;  but,  in  several  places, 
it  is  equally  hurtful  to  the  growth  of  plants,  and  to  the 
health  of  man,  particularly  in  marshy  countries,  where  tlie 
Tapours  which  rise  during  tiie  day  are  of  a  very  unwhole- 
some nature, 
wutt  or       Hoarfro$t  is  a  kind  of  dew  which  has  frozen  the  no- 
hoar  irott.  gi^n^  1^  fj^]3^    YThm  attached  to  trees  stripped  of  their  fo- 
liage, it  presents  the  appearance  of  crystallized  Tcgets- 
tion. 
Rain.  Aiifi  M\b  from  tiie  clouds,  when  the  vesicular  vapours, 

of  which  it  is  partly  composed,  unite  into  drops.  These 
drops,  in  our  climate,  are  only  a  few  lines  in  diameter,  but 
in  the  torrid  zone  they  amount  to  an  inch.  So  that  the 
diflference  which  we  remark  between  the  ordinary  rain  and 
that  which  falls  during  a  storm,  appears  to  be  only  acciden- 
tal, and  the  origin  of  both  may  be  attributed  to  a  dimina- 
tion  of  electricity  in  the  clouds.  Mountains  constitute  so 
many  points  which  draw  off  the  electric  fluid,  and  hence 
it  rains  almost  continually  in  certain  hilly  countries,  as 
on  the  eastern  side  of  Norway  and  Scotiand.  In  those 
regions  where  thunder  is  unknown,  as  in  the  environs  of 
Lima,  and  on  the  side  of  Peru,  rain  is  a  phenomenon  equally 
unknown.! 
Snow.  When  aqueous  vapours  are  congealed,  either  while  fall- 

ing, or  when  in  the  air  previous  to  their  falling,  they  fom   | 
$9uno.    The  ordinary  crystallization  of  sal  ammoniac  in 
littte  feathery  crystals,  presents  phenomena  similar  to  Aose 

*  Da  Fay,  Mdnoire  lur  la  Roi6e.    M6nioircs  de  PAcad.  des  Scieocei^  173^)     < 
p.  S5t.  I 

t  Hube,  fur  I'KTaporatioR,  chap.  £1)  50,  p.  296^  3t8. 
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wliich  take  place  in  tbe  crystallization  of  snow.*    **  If/*    «ooK 
says  M.  Moiige»  "  we  fiil  a  deep  glass  to  wliich  beat  has      ^^* 
been  applied^  with  a  saturated  solution  of  sal  ammoniac  in  — ^— 
a  warm  state,  and  then  let  it  gradually  cool  in  a  calm  air, 
tbe  surface  of  the  liquid  will  be  tbe  first  to  arrive  at  tbe 
point  of  supersaturation,  as  well  from  tbe  direct  cold  which 
it  experiences,  as  from  tbe  concentration  which  the  evapora- 
tion promotes  in  that  part;  it  is  on  the  surface,  then,  that 
the  first  crystals  are  formed.    These  crystals,  which  are 
extremely  minute,  sink:  as  soon  as  they  are  formed ;  and  they 
descend  with  slowness,  because  their  specific  gravity  is  not 
much  g^reater  than  that  of  the  liquid  which  contains  tbem, 
at  tbe  same  time  their  volume  increases  by  the  addition  of 
flimilar  crystals,  which  are  formed  during  tbeir  descent,  so 
that  they  reach  tbe  bottom  of  the  vase  in  large  white  flakes. 
The  rapid  progress  of  the  crystallization  is  entirely  owing 
to  the  aflhiity  of  tbe  particles.    The  first  crystal  which  be- 
gins to  descend,  forms,  as  it  were,  a  rallying  point»  or  nn- 
ckus,  to  all  tbe  particles  which  have  a  tendency  to  unite.^' 
By  a  reference  to  these  phenomena,  we  may  explain  the  for- 
mation of  snow;  the  first  crystals  of  which,  produced  at  a 
great  height  in  the  atmosphere,  determine,  as  they  descend, 
by  the  excess  of  their  specific  gravity,  the  crystallization  of 
a^ueoiia  particles,  which,  without  their  presence,  tbe  sur- 
nmnding  air  would  have  retained  in  a  state  of  solution. 
The  result  is  tbe  formation  of  stars  of  six  rays,  when  the 
weather  is  sufficiently  calm,  and  the  temperature  not  too 
high  to  deform  tbe  crystals  by  melting  ofi"  tbeir  angles ;  but 
when  the  atmosphere  is  agitated,  and  tbe  snow  falls  from  a 
great  height  the  crystals  clash  together,  unite  in  groups, 
and  form  irregular  flakes. 

Bail,  according  to  all  appearances,  is  a  species  of  snow,  HaU. 
or  of  snowy  rain,  which  has  undergone  a  variety  of  conge* 
hitions  and  superficial  meltings  in  its  passage  through  dif- 
fae&t  zones,   some  temperate,  and  others  frozen.    But    . 

«*  MoDge,  Annales  de  Chimie,  \.  p.  1.  tqq. 
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BOOK    what  cause  can  produce  these  great  Tariirtioiis  of  tmip^ft- 
^^*     ture  ?  We  answer,  electricity,  which,  in  combining  oxygoi 
""""■""^  and  hydrogen,  deprives  them,  of  part  of  their  caloric*  Hail, 
accordingly,  even  that  which  falls  in  spring, is  accompanied 
by  marks  of  electricity .f    It  is  by  an  electrical  apparatus 
that  we  can  produce  artificial  hail4   ^®  ™^y  ^^^«  ^^^^  ^^^' 
canic  eruptions  are  often  followed  by  the  fall  of  hailstones  ef 
enormous  8ize.$    Tlie  violence  with  which  hail  is  discharg- 
ed upon  the  eartli,  under  an  oblique  angle,  and  independent- 
ly of  the  wind,  would  be  explained  by  supposing,  ^th  Ae 
celebrated  Yolta,  two  electrical  clouds  drawn  towards  each 
qther  in  a  vertical  direction,  and  by  their  shock  producing 
nail,  which,  by  the  law  of  the  composition  of  forces,  woald 
tjien  be  projected  in  the  diagonal  of  its  g^vity,  and  of  the 
result  of  the  two  directions  of  the  clouds. 
Effects  of    ^  Such   are  the  principal    circumstances    which  natural 
meteors,     philosophy  has  supposed  to  concur  in  the  formation  of 
aqueous    meteors.     Their   beneficial    influence    upon  tiie 
earth  is  a  point  more  easy  to  determine.    We  obaorre  all 
nature  languish,  when  the  atmosphere  retains  for  too  long 
^  time  the  fluid  arising  from  the  earth.    Plants  Cade  and 
droopy    animals  feel  their  strength    failing  them.    Man 
himself,  breathing  nothing  but  dust,  can  with  difficnlty  pro- 
cure shelter  from  the  sultry  heat  by  which  his  frame  is 
parched  and  overpowered ;  but  scarcely  have  the  waters  of 
heaven  descended  from  the  clouds,  when  all  living  hmp 
begin  to  revive ;  the  fields  resume  their  green  attire,  the 
flowers  their  lively  tints,  animals  the  sportive  freedom  of. 
their  motions,  and  the  elements  of  the  air  thnr  healtbfol 
equilibrium.    Snow  itself,  whose  very  name  alarms  tke 

*  Joftroal  de  Physique,  oa  Observations,  ftc.  de  Rosier,  1778,  Sept.— -CottCj 
Jeornal  General  de  France,  1788,  No.  95.  Magasin  de  Gotha,  vi.  &c.  Libes, 
Diaioanaire  de  Physique. 

t  Senebier,  Journal  de  Physique,  1787,  Mai. 

4  Quinquetet  8ei(erhcld,  voyei  Magasin  de  Gotha,  vi.  189;  rii.  45—47. 
&c. 

f  Stephenson's  Picture  of  Iceland,  p.  307,  (in  German.) 
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natives  of  tiie  trojica,  is  productive  of  real  advantages  in  book 
the  economy  of  nature ;  it  secures  the  roots  of  plants  against  ^^* 
Ae  eflfects  of  intense  cold ;  it  serves  gently  to  moisten  those  — — — 
lands  from  which,  owing  to  their  local  situation,  the  rain  is 
too  soon  carried  off;  and  it  paves  for  the  inhabitant  of  the 
north  commodious  and  agreeable  roads,  along  which  he 
gaily  skims  in  his  light  and  nimble  sledge ;  whilst  the  oc- 
cupants of  the  south,  living  under  a  cloudy  sky>  are  stran- 
gers to  the  enjoyments  both  of  winter  and  of  summer. 
Hail  alone,  of  all  the  aqueous  meteors,  never  appears  but 
as  a  harbinger  of  distress.  Birds  and  quadrupeds  instinc- 
tively conceal  th^nselves,  as  soon  as  they  have  any  pre- 
sentiment of  its  coming.*  Man  can  neither  foresee  its  ap- 
pnacb,  nor  arrest  its  ravages ;  he  has  been  able  to  ward 
off  the  thunderbolts  of  the  sky,  but  he  sees  the  hail  destroy 
his  com,  break  his  fruit  trees,  and  shatter  the  very  house 
where  he  dwells,  without  being  able  to  prevent  it. 

Excess  of  humidity  might  soon  become  hurtful  to  the  Qi|^&»t<ty 
earth,  but  it  is  difficult  for  such  excess  to  take  place;  thcpheric^^' 
quantity  of  atmospherical  water  diffused  by  aqueous  me-^^^^*^- 
teors  varies  according  to  the  climate.    At  Paris,  it  has 
been  found  that  there  annually  fall  24  inches  of  rain-water 
and  of  dew;  at  lolmezzo,  in  Friuli,  the  quantity  of  rain 
alone  amourits  to  82  inches ;  at  Carfagnano,  in  the  Apen- 
nines, to  92 ;  there  fall  at  Grenada,  105 ;  and  at  Leogane, 
in  flie  Island  of  St  Domingo,  150  inches.    It  is  probable 
that  in  every]  place  the  quantity  of  water  evaporated,  de- 
tennines  that  which  descends  from  the  atmosphere.! 

The  salutary  effects  of  aqueous  meteors  are  modified  by  J'^^JJ^^f 
the  chemical  qualities  of  the  waters  of  the  atmosphere,  ric  wmter. 
The  salt  rain  and  dew  in  the  environs  of  the  Caspian  Sea, 
owing  to  the  vapours  which  arise  from  a  soil  impregnated 

1  •  Coon  complet  d*Agriculture  pratique,  par  Rosier,  Sonnini,  &c.  art.  Mi- 
tianlogie. 

t  DelamMierie,  Thforie  de  la  Terre,  sect.  1254.  Cotte,  Mei^orologie. 
Halei,  Statiquei  dei  V^aux.  M^moires  de  Sedilleau  (Academie  de  Paris,) 
^  Wargentin  (Academie  de  Stockholm,)  &c.  &c. 
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BOOK   with  different  kinds  of  salt,*  {mbablj  oontrilnrte  to  (Inm 
^^*     saline  efflorescences,  whicU,  according  to  M.  Olivinvare 
gradually  overspreading  tbe  wice  fertile  soil  of  FernSi 
They  are  so  strong,  that  in  one  cold  snmmer  iiil^ty  yon 
nay  see  them  on  the  camels,  under  the  appearance  of  hoar 
frost  containing  sal-ammoniac    In  the  west  of  Jntland, 
you  may  perceive  fogs  of  a  salt  quality  arising  from  the 
bosom  of  the  sea,  which  consume  the  foliage  of  treesy  and 
put  a  stop  to  their  growth,  without  being  pemicioas  to  that 
of  grass.    In  France,  the  autumnal  fogs,  charged  proba- 
bly with  electricity,  hasten  sometimes  the  maturity  of  the 
grape. 
bi**d*rf°^    Amongst  the  aqueous  meteors,  there  aro  some  which 
•uiphttTy     yf^Te  once  considered  as  miraculous,  but  which  niore  exact 
niKtof  fire.  o])8|>|.vation  has  entirely  divested  of  their  supernatural  cha- 
racter.   Sucli  aro  showers  of  blood,  which  take  {dace  when 
the  rain  water  draw^  with  it  a  groat  number  of  certain  red 
insects,  which  float  in  the  atmosphero,  or  swarm  on  the 
earth.     Showers  of  sulphur  may  actually  have  occurred, 
even  independently  of  volcanic  eruptions,  as  the  air  con- 
tains carbon  and  sulphuric  gas,  which,  combined  by  caloric, 
for^  sulphur.    In  the  month  of  May,  1646,  there  rained 
at  Copenhagen  a  kind  of  substance,  which»  on  being  ex- 
amined by  the  philosophers  of  that  day,  appeared  to  be  a 
mineral  sulphur;!  but  the  same  phenomenon  racurring  in 
1804,  and  in  the  same  month  of  May,  the  philosephers  of 
the  present  age,  after  analysing  the  precipitated  matter, 
perceived  only  a  vegetable  substance  nearly  resembling  tba 
semen  lycopodiH    The  phosphorescence  of  this  substaaoc^ 
at  the  moment  of  the  rain,  which  happened  during  the 
night,  presented  an  alarming  spectacle.    Other  examples 
concur  in  shewing  that  sulphurous  showers  are  in  general 
nothing  hut  the  fall  of  a  vegetable  powder,  taken  op  by  a 
waterrspout;  a  phenomencm  which  we  shall  hereafter  de« 

*  Gmelin,  Description  de  la  Rusaie,  iii,  11, 12. 
I  Worinius,  Mueeiimy  lib.  i«  cap.  9,  sect.  |. 
^  M^moices  de  Vibor|^et  de  B^fo. 
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scribe.  At  B<Nnrde«iiz»  in  176I9  tibe  wind  nised,  ud  bmm 
throagh  the  air  a  cloud  composed  of  a  mrt  of  yellovieh  ^^* 
dvs^  coTwiag Hie  stamiiia  (rf  the iowera  of  the  pine-trees'  ' 
in  die  aeli^hboiiring  lanie$J*  Hanricanee  too  have  soim- 
tines  HAed  op  shelves  of  con^  ae  well  as  animals  of  small 
aiey  such  as  locusts  and  toads,  which,  falling  at  a  consi- 
derable distance,  have  fSrightened  the  peasants.  The  most 
frightfal  phenomenon  of  this  description,  a  shower  of  fire^ 
has  been  twice  observed  by  a  celebrated  natnraUs^  who 
dechres  he  saw  nothing  more  than  rain  very  strongly 
dwrged  with  electricity,  and  which  i^arkled  on  tMiddng 
the  (p<oii|id.t 

We  come  now  to  consider  Inminons  meteors;  and  irst  asopiieai 
to  ttose  which,  according  to  the  principles  of  common  phy*^^"^^'^ 
ties,  d^end  on  refractioa  and  reflection* 

The  solar  rays,  say  the  Newtonians,  in  passing  fiposi  a  Refractioa 
me  into  a  dense  mediam,  midergo  an  inflection^  a  devia-  S^l'*'^* 
tkm  fipom  the  direct  line  of  their  coarse,  wldch  is  termed 
AfnicfiM>-4he  seven  visible  rays  have  diUbrent  degrees 
of  rofrangihiiity ;  the  red  rays  have  the  least  j  then  cqae 
in  sQocession  the  orange,  the  yellow,  the  green,  the  li^t 
hhe,  the  indigo^  and  the  violet  All  bodies^  which  are 
Tisible  withont  being  himinoas  or  transparent*  have  the 
property  of  refieding  ligh^  that  is,  of  repelling  it,  and 
throwing  it  back.  Even  the  clouds  and  the  air  possess  this 
propertjr.  The  rays,  which  have  most  refrangibility,  are 
abo  the  most  reAexible,  These  two  causes  present  ns  with 
the  most  deHghtful  and  the  most  majestic  epeotades  in 
nitere.  If  the  sky  siiines  with  a  beantifol  asnre  hue^  it 
is  rolel;^  the  ellbct  of  the  rays  of  blne^  indig»«  and  violet, 
vhich  are  first  reflected  from  tfie  earfli,  and  afterwards  re* 
tamed  to  ns  by  the  atmosphere,  The  refraction  <rf  Ugh* 
enables  it  to  diffiise  itself  gradnally  over  oor  hemisphere^ 

ohscwed  by  the  shadee  of  nigh^  long  before  the  ami  ap« 

*  Sigpmd  Lafond,  Dku  dM  MervtUIct  d«  la  Natare,  torn  iB.  p,  M. 
^  n«ipMB«9  ^^»  PbyN^vtt  ii.  45,  Met,  I15» 
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pears,  even  when  fkat  lundnary  is  18  d^p^ees  bdow  our 
*▼•      horizon. 
'*""'"'"'     The  twUight  and  the  dawn  confer  a  substantial  benefit  on 
and  D'awn.  the  laboorer,  the  navigator,  and  the  wretched  inhabitants  of 
the  frozen  zone.    By  their  means  the  two  poles  enjoy  the 
solar  light  for  nearly  the  space  of  nine  months.    The  sun 
himself  appears  by  refraction  above  the  horizon  before  he 
actoally  arrives  there. 
Rinni  and     The  brilliant  tints  which  accompany  the  rising  and  set- 
dlemf   ^V  ^f  ^  «»^  originate  from  this,  that  the  air  towards 
night  and  in  the  morning  is  considerably  condensed,  and 
loaded  with  a  Tariety  of  vapours.  The  very  refrangible  rajs 
seldom  or  never  reach  ns.    The  red  and  ydlow  have  alone 
inflexibility  enough  to  penetrate  through  the  atmosphere,  and 
to  render  tiie  vapours  and  clouds  so  many  moveable  mirrors. 
This  then  is  the  reason  why  the  sun  appears  so  often  to  be 
red,  morning  and  evening.    The  delightful  spectacle  of  the 
dawn  and  of  twilight  is  almost  entirely  denied  to  those  who 
live  in  the  regions  of  the  equator,  where  the  sun  rises  in  a 
direction  nearly  verticid.    It  is  towards  the  poles  that  these 
reflected  splendours  of  that  great  luminary  are  longest  visi- 
ble, often  changing  the  whole  of  the  night  into  a  magic  day, 
of  which  the  inhabitant  of  the  south  of  Europe  can  form  no 
adequate  conception. 
PariieUoDi.     ParhdianSf  or  false  suns,  are  phenomena  less  common. 
We  see  by  the  side  of  the  sun,  often  above  and  beIow,,se- 
Teral  images  of  that  luminary,  more  or  less  bright.    These 
fid$e  9un$  are  sometimes  surrounded  by  a  circle  of  pale 
Hght ;  sometimes  adorned  by  the  colours  of  the  rainbow; 
most  commonly  they  are  not  exactly  circular,  and  some 
have  been  observed  with  luminous  trains.    This  meteor  has 
never  been  seen  at  the  same  time  in  a  number  of  distant 
places ;  it  exhibits  a  different  appearance  even  to  spectators 
who  are  near  each  other ;  it  is  therefore  an  optical  illusion.  As 
it  snows  and  hails  generally  at  the  very  time  when  a  false  sun 
disappears,  it  is  supposed  that  it  is  in  a  mass  of  little  spires 
of  ice  suspended  in  the  air  that  the  image  of  the  sun  is  re- 
flected; the  rays  pass  probably  through  an  openiag  be- 
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twtm  thick  donds,  as  when  om  lets  fall  the  solar  image  in 

a  camera  obscura.*  ^^* 

There  are  also  false  moons.    These  illusions  can  take  * 

place  only  when  the  sun,  being  distant  from  the  zenitt^ 
darts  its  rays  obliquely  upon  the  atmosphere ;  accordingly, 
almost  all  the  parhelions  occur  either  in  the  morning  or  the 
eyeaing.  False  suns  are  often  observed  in  countries  where 
a  damp  cold  preTails.  These  are  frequent  phenomena  in 
Greenland ;  and  we  are  assured,  that  in  the  environs  of 
Hudson's  Bay,  the  sun,  when  rising,  generally  appears  to 
have  ataiL 

The  rmnbow  has  a  near  affinity  to  parhelions,  and  gene-  Rainbow, 
rally  accompanies  them.  Every  one  knows  that  this  mag- 
nificent arch,  so  wonderfully  coloured,  is  the  effect  of  the 
seven  solar  rays  refracted  in  drops  of  water  suspended  in 
the  air,  and  reflected  upon  a  dark  cloud,  as  upon  a  canvass. 
It  is  to.treatises  on  optics  that  we  must  refer  our  readers 
for  an  explanation  of  this  phenomenon*! 

What  is  termed  the  apotheosis  of  travellers,  is  a  pheno-  Various 
meiion  much  akin  to  that  of  the  rainbow.  The  «cademici- J^^^^^"" 
ans  Bougner,  Godin,  and  La  Condamine,  when  standing  up- 
Qu  the  very  elevated  mountain  of  Pambamarca,  in  Quito, 
saw  their  own  image  reflected  in  a  very  light  fog,  and  sur- 
Tounded  by  several  concentric  circles,  ornamented  with  the 
colours  of  the  rainbow.  The  Spectre  of  Broeken  is  an  opti- 
cal deception  of  the  same  kind. 

The  "  JUrage^*  or  appearance  of  objects  which  are  not  The  m*^ 
actually  in  the  horizon,  or  which  exist  there  in  a  difftoent  ''^^*  ^ 
situation,  is  (me  of  the  most  remarkable  of  optical  illusions* 
At  sea,  rocks  and  sands  concealed  under  the  water,  appear 
«s  if  ttiey  were  raised  above  the  surface.    The  Swedish'  ' 
sailoFB  long  searched  for  a  pretended  magic  island,  which 
from  time  to  time  could  be  described  between  the  isles  of 

*  Hujghensy  Dissert  de  Goronis  et  Parheliis,  in  Op.  Relict,  ii.  Bergmann, 
^gniphie-Physique,  k  132. 

t  Hai^y  TraitI  de  Physique,  \\  96&— 975.  Comp.  Observations  sur  I'Arcen- 
C'Ml,taiire  de  I'application  d'ane  nouvelie  Th^ie,  ftc.  par  M.  I'AbM,  P.  Parie, 
1761. 
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Alud  Slid  Am  comIb  of  Upland.    It  was  a  rock  etvnrted 
x^'     by  the  mirage.*    At  one  time,  the  EngBdi  saw  wMi  terror 
'    '         the  coasts  of  Calais  and  Boologne  i^arenfly  appraacUBg 
liie  shores  of  thdr  isbuid. 

Yessels  sometimes  present  thamselTeB  to  tte  vwbw,  as  if 
they  were  upset*  or  as  if  sailing  in  the  clouds.!    Tke  nost 
cekbratad  example  tti  this  pheomenon  is  Hmt  whicli  is  fre* 
quentfy  seen  in  the  straits  of  Meslnay  and  widch  tlie  people 
nttribute  to  flie  fairy  Morgana*  Fata  Morgana.    The  spec* 
tatmr*  standing  on  tiie  Italian  coas^  peroeiireB*  upon  an  in- 
clined plane^  formed  by  the  waves  driven  towards  tiie  mid- 
die  of  the  strait,  im^;es  of  palaoes,  embatfled  ramparts, 
houses  and  ships,  at  one  time  tamed  upside  down*  st  ano- 
ther confiisedly  set  up  again,  and  presenting  the  spectacle 
of  towns  and  landscapes  in  the  air.^    Of  all  the  eAds 
arising  finom  this  cause,  Oat  wUdi  has  been  most  tiuMvugh- 
ly  examined,  is  the  optical  allusion  which  tlie  French  expe- 
rienced in  the  deserts  in  the  Yidnity  of  Egypt;  the  sairiy 
plain,  corered  in  the  distance  by  a  thick  vapour,  presented 
the  deceptive  image  of  a  vast  lake^  towards  wUdi  they 
eagerly  hastened,  but  which  appeared  to  fly  befbre  tfaeo.^ 
All  these  fantastic  optical  appearances,  worthy  of  exerds- 
ing  the  acuteness  of  philosophers,  who  unquestionably  will 
trace  throu^  eadi  of  tiiem  only  tiie  varied  eBbda  of  a  sin- 
l^e  causey  can  be  but  briefly  speciftedin  a  treatise  of  physic- 
«I  geography. 
l,og^^i^\       The  Mdtaodt  Hgkt  deserves  our  particular  attention.    It 
iViu        is  a  grand  phenomenon,  whidi  must  be  retored  dther  to 
the  nature  of  tiie  torestrial  atmosphere,  or  to  the  position 
of  the  globe  with  regard  to  the  sun.   This  ll^t,  which  exists 
CMiBtantiy  under  the  equafor,||  presents  itself  after  sunset 

*  M^noinf  do  I'Academie  de  Stockhttlwi, 

t  Minasi,  Gilbert,  kc,  Vojes  le  M^moiM  sinr  let  FaU  Morgana,  qui  pa- 
raitra  dani  les  Annales  dei  Vojaget. 

X  PhUoiOphical  Trantactiont,  1799. 

k  Moogei  8ur  le  Mirage,  dans  lei  M^m  d*Egjpta,  u  64. 

II  Honiar,  Astronomia  da  I'EzpMition  da  Krufanatam,  daaa  ^acb,  Cont^oB- 
daticc,  X.  311, 319,  340,  (avcc  una  figure.) 
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'tiie  ajipearanceof  a  serme whitish  dearness^of  alen* 

tkalar  form,  haying  its  base  turned  towards  flie  sun,  and  its     ^^* 

axis  in  the  zodiac  '""^^ 

Mainm  has  sapposed,  that  this  light  was  the  atmosphere 
ofthe  aim  ;#  but  this  ^qdanation,  so  generally  admitted,  is 
totally  rejected  by  M.  de  La  Place.    This  illustrious  geo- 
meter obaenresy  as  we  think  voy  justly,  that  the  atmosphere 
of  the  ann  cannot  have  a  lenticular  form,  nor  be  extended 
b^nd  tiie  orbit  of  Mercury,  whilst  the  sodiacal  light  ap* 
pears  to  extend  itself  even  beyond  the  terrestrial  orbitf    If 
we  were  permitted,  in  a  work  of  this  description,  to  develop 
aew  <^uon8in  physics,  we  should  endeavour  to  render  it 
probable,  that  the  zodiacal  light  is  nothing  else  than  the  ltt« 
minooa  fluid  belonging  to  the  terrestrial  globe,  attracted  by 
the  son  in  the  direction  of  his  apparent  daily  path,  and 
wkich,.  being  accumulated  upon  the  line  of  that  direction, 
becomes  vinble  at  the  moment  of  the  decline  of  the  sun* 
This  efflux,  forming  an  elliptic  bell^  the  great  diameter  of 
which  is  always  directed  towards  the  sun,  must  present  it* 
self  under  a  lenticular  figure,  the  largest  part  of  which  is 
tomed  towards  that  luminary*    It  is  true,  that  this  explana* 
tion  supposes  that  the  luminous  fluid,  diffused  throughout  the 
uuverse^  accumul|ktes  around  the  celestial  globes  in  the  ra* 
tb  of  their  mass  and  density,  which  as  yet  is  only  an  un* 
certain  hypoth( 


Amongst  the  igniou$  meteors,  of  which  we  are  nowi^«oa» 
shout  to  treat,  tktmier  occupies  the  first  rank.  It  is  nni-  nwuort. 
versally  known  to  be  the  eflfbct  of  electricity,  the  theory  of 
which  must  be  studied  in  philosophical  treatises.  We  hftre 
ami,  that  all  the  power&l  ^^cy  of  the  electric  fluid  is 
flOQsibly  present  in  the  air,  in  rain,  snow,  hail,  and  in  tho 
cloudi^  which  float  in  the  midst  of  the  atmosphere.  These 
hodies  receive  their  electric  properties  fhttn  the  hand  of  na- 
ture, in  a  manner  not  exactly  known,  though  the  experi- 
ments of  Lavoisier  and  La  Place  have  unquestionably  prov* 

^  Ma'uraai  Trsit^  do  TAurore  Boi^alty  p.  12. 
^  Laplace,  Sjstene  du  Monde^  lib.  It.  c.  16. 
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edy  that  terrestrial  bodies,  in  evaporating,  carry  up  fromtiie 
XT.  earth  a  part  of  the  electric  fluid  which  belongs  to  it.  It  is 
""""~*  to  the  celebrated  Franklin  we  owe  the  direct  proof  of  the 
eiectrtcitj  of  the  atmosphere.  He  was  the  first  who  was 
bold  enough  to  make  an  experiment  on  the  cloads,  and  to 
draw  down  the  lightning  from  the  sky. 

The  electricity  of  the  clouds  in  storms  is  almost  always 
that  which  philosophers  term  vitrmms  or  poriUve ;  it  ang- 
ments  in  proportion  as  we  ascend  in  the  atmosphere,  and 
oonsequMitty  ought  to  be  very  strong  in  that  part  of  the  air 
which  gives  birth  to  storms.    The  whole  terrestrial  globe 
may  be  looked  upon  as  a  vast  reservoir  of  both  kinds  of  elec- 
tricity, but  more  frequently  of  the  resinous  or  n^ative.  As 
long  as  these  two  bodies  remain  in  their  natural  state,  the 
two  electricities  consequently  are  in  equilibrium,  and  at  rest; 
but  if  one  of  these  two  bodies,  whether  it  be  the  earth  or  the 
atmosphere,  acquire  an  excess  of  the  electric  fluid,  there  is 
no  longer  an  equality  between  the  repulsive  and  the  attrac- 
tive powers.    The  excess  of  the  fluid  is  diBchat^;ed  in  the 
form  of  a  flash.     This  constitutes  thunder,  which  is  dtiier 
descending  or  asctnding.    We  sometimes  observe  those  two 
kinds  of  thunder  almost  at  the  same  moment,  the  earth  and 
the  atmosphere  appearing  to  make  a  mutual  exchange  of 
their  surplus  electricity.    The  flash,  which  is  attracted  and 
conducted  by  metals  and  moist  bodies,  in  preference  to  oth- 
er substances,  commits  ravages  which,  from  our  inabilitj  to 
observe  them  with  coolness,  still  remain  in  circumstances  of 
obscurity ;  here,  the  thunder  kindles  rapid  and  devouriiig 
flJhes ;  there,  it  bends  and  shivers  the  objects  which  it  meets 
with.    Sometimes  it  instantaneously  deprives  animals  of  life^ 
and  sometimes  it  passes  over  the  clothes  without  injuring 
the  person. 
Variations      A  kind  of  periodical  flux  and  reflux  has  been  observed 
tric^'fluid!*'"  *"  ^^  electrical  fluid  of  the  atmosphere.    In  summer,  when 
the  earth  is  dry,  and  the  day  is  warm,  droughty,  and  se- 
rene,  the  atmospheric   electricity   increases  from   sunrise 
till  mid-day,  when  it  arrives  at  its  maximti^m,  then  it  re- 
mains stationary  for  a  couple  of  hours,  and  afterwards  di- 
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minuhes  until  flie  fall  of  the  dew.    Towards  midnigH  it    BO«k 
reviTesy.  to  be  again  almost  entirely  extiDgaisbed.    In  win-      ^^* 
tefy  the  mascimum  of  electricity  is  at  eight  o'clock  in  the  ' 

eTening ;  it  is  weaker  during  the  day.  In  all  these  varia-  . 
tionsy  atmoflpherical  electricity  seems  very  exactly  to  follow 
op  the  devdopment  of  hydrogen  gas,  which  is  more  or  less 
oonsiderabie  at  diflTerent  periods  of  the  day.*  Electrical 
phenomena  are  more  prevalent  in  some  quarters  of  tiie  globe 
tban  in  others*  Towards  the  poles,  the  disengagemoit  of 
hydrogen  gas  is  extremely  scanty,  and  there  is  also  no  con« 
tinual  friction  between  the  earth  and  the  atmosphere.  Thun- 
der, accordingly,  is  rarely  observed  in  those  regions;  it  is 
only  a  weak  decrepitation.  As  we  advance  towards  the 
equator,  hydrogen  gas  becomes  more  abundant,  and  at  the 
same  time  the  storms  are  most  violent.  It  is  under  the  line, 
that  we  meet  with  that  vast  extent  of  sea  where  thunder 
storms  almost  constantly  prevail.  There .  are,  -  howf^vw, 
countries  under  the  line,  in  which  it  rarely  thunders.  If 
thunder  seems  to  be  particularly  attracted  towards  marshy 
places,  may  not  the  cause  be  found  in  the  presence  of  the 
inflammable  gas  of  marshes,  which  is  only  an  impure  spe- 
cies of  hydrogen  gas  i  It  is  supposed  that  there  are,  in  the 
dectric  fluid  of  the  globe,  two  currents,  the  one  from  the 
poles  towards  the  equator,  the  other  in  an  opposite  direc* 
tioii.    This  is  a  very  probable  hypotiiesis. 

Storms,  notwithstanding  the  calamities  which  they  fre-  Effecu  of 
qoeutly  occasion,  and  which  the  thunder-rod  cannot  infal- *^^""'' 
libly  prevent,  deserve  to  be  considered  as  one  of  the  great- 
est beneats  that  our  Creator  has  bestowed.  They.diffiAe 
freshness,  through  tiie  atmosphere  when  it  is  in  a  confined 
wd  sultry  state;  the  plants  resume  their  lively  greeny  the 
flowers  raise  their  drooping  heads  when  their  thirst  has  been 
quenched  by  the  rain;  the  crops  and  fruit,  penetrated  by 
new  warmth,  ripen  more  rapidly,  and  man  silently  adores 
the  Great  Being  whose  power  has  been  displayed* 

^^  Sauuure,  Voyages,  sect.  800,  803,  831.    LemODuier,  Mto.  de  TAcad^mie, 
^"52,  p.  240,  241.    Beccaria,  Electricity  terrestre,  sect.  1087. 
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W«  now  pitioead  to  ooDdMar  ofher  ignmrns  phenomoii, 
^*     MM  of  wUchpoBseMfhedNadfd  energies  of  tiiimd^^       I 

The  Miwo  hmtaUSf  so  oflm  celebrated  bj  Oesian,  pre* 
J^^.  MBto  a  spectacle  equally  mngniftcent  and  astonishing,  h 
'tiiese  bloodstained  and  llery  meteors,  what  poet  is  there 
who  coaM  not  discoter  the  shades  of  waniorSf  ^who^  once 
oonqnenirs  of  the  eaith,  and  now  rvlers  of  the  ttr»  stoop 
from  the  chmds  to  behold  the  combats  of  their  posteritjl 
Are  not  those  pale  and  soft  lights  the  daaghton  of  herm 
K^  cut  down  in  the  eariy  bloom  of  their  beantyf  now 
toatnpon  the  wings  of  the  windf  We  hear  thrir  sigliSi 
and  tte  iwtling  of  their  resplendent  robes;  and  we  see^ 
rising  towards  tiie  Mnith,  and  assembling  on  erery  side  the 
hmdnow  oolomns  of  tte  wandering  palace  of  dqmrted 
spirits.  BntwemnstleavetoOepainter  and  the  poet  the 
deliMalion  of  such  enchanted  scenes,  and  confine  ourselyes 
to  a  more  rigorous  and  Mber  description**  The  aurora 
borsalis,  in  our  Buropean  countries,  uniformly  appears  in 
the  norflit  and  inclining  generally  a  littf e  to  tiie  west  In 
Greenland,  we  sometimes  peroeif  e  tiiis  phenomemn  towards 
the  south*  In  the  other  hemisphere  it  is  observed,  but  mth 
a  fMik  lustre^  in  the  direction  of  the  soutfi  pole.  Hie 
andsnii  i^poar  to  have  described  it  under  the  name  of 
Imnps,  or  Hmitig  lorekei,  and  oftw  destgnattons.  lo 
our  age^  it  is  a  rare  occurrence  in  the  temperate  xone,  and 
becomes  common  only  towards  the  Mth  degree  ctf  latitude. 
It  comsaenoes  genendly  tiiree  or  four  hours  after  sunset,  and 
is  preceded  hy  a  sombre  doud,  nearly  resembling  the  aeg- 
n*nt  of  a  circle^  of  which  the  horizon  forms  the  cord.  This 
segment,  seen  at  Upsal,  for  example,  is  of  a  deep  black, 
whilst  in  Lapland  it  appears  greyish,  or  even  becomes  al- 
most invisible.  Ito  circumference  Tory  soon  borders  npon 
a  whitish  Hght,  which  Mmetimes  appears  gently  to  expire. 
Most  firequently  the  cloudy  segment  opens  in  chinks, 
wlience  issM  streams  and  rays  of  Ught^  t^a  yellow,  a  rose, 

*  Mairan,  Trtlte  d«i  Aurorei  Boifolef,  p.  115.    Bcrgmanni  G^«  Phyf.  U. 
96^104. 
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a  paiple»  or  a  sea-«green  coloor.  A  general  movement  agi- 
tates all  the  cloudy  aiid  enlightened  space ;  rays  becoming 
more  and  more  bright^  shoot  across  each  otiier  like  light- ' 
ning  flashing  in  the  midst  of  efihigent  splendoar ;  by  degrees^ 
there  is  formed  in  the  zenith  a  luminous  crown,  which 
seems  to  be  the  central  point  of  all  the  motions  of  the  lu- 
minous matter.  After  having  occupied,  for  the  space  of 
an  hour  or  two,  almost  the  whole  expanse  of  the  heavens, 
the  phcmomenon  contracts  itself  at  first  on  the  southemi 
side,  afterwards  on  the  west  and  the  east,  and  finally  disap- 
peftTS  towards  the  north.  The  lising  sun  invariably  extin- 
goishes  these  rival  luminaries.  The  further  we  remove 
from  the  pole,  the  le^s  distinctly  do  we  peroeive  these  dif- 
ferent apiieapances  of  the  aurora  borealis.  It  generally  ap- 
pears itt  France,  only  like  a  light  not  much  elevated  above 
theborizom 

Philoso^ers  hove  given  difibrent  explanations  of  these 
pheoomeDa.  That  which  Professor  Libes  lately  proposed^ 
^rpears  to  unite  simplicity  to  probability.* 

This  philosopher  lays  down  the  six  following  principles : 
ist,  If  the  electric  spark  be  transmitted  through  a  mixture 
of  azotic  and  oxygen  gas,  the  result  is  the  production  of  nitric 
and  nitrons  acids,  or  of  nitrous  gas,  acconiing  to  the  propor- 
tion subsisting  between  the  oxygen  and  azote  which  compose 
the  mixture.  2d,  Nitric  acid  acquires  additional  colour  and 
Tolatility  ^m  being  exposed  to  the  sun.  Scheele  first  ob- 
served thir  phenomenon,  and  M.  Libes  has  made  frequent 
observatioim  on  the  subject.  Having  placed  a  glass  receiv- 
er over  a  saucer  containing  nitric  acid,  and  having  exposed 
the  whole  to  the  sun,  he  observed  that  the  acid  became  co- 
loured, and  that  the  receiver  was  filled  with  reddish-looldng' 
vapours,  which  remained  in  it  a  long  time^  diffusing  a  lustre 
similar  to  that  of  the  aurora  borealis.  Sd,  In  pliials  con* 
taining  nitrous  acid,  we  always  perceive  above  the  acid  a 
very  red  and  vciy  volatile  vapour,  which  never  condenses. 

*  Trmit6  de  Phyfif^ue,  par  Ltbe«,  tome  iii.  p.  309. 
vol.  1.  24 
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BOOK  4lh,  Niti'ous  gas^  when  in  contact  with  atmospherical  air, 
^▼«  emits  deep  red  vapours,  which  fly  away  into  the  atmosphere. 
•~^"'~"  5th,  The  hydrogen  gas  which  is  disengaged  from  thesurfoce 
of  the  globe,  occupies,  in  the  higher  regions  of  the  atmos- 
phere, a  place  marked  out  by  its  specific  gravity*  6tb,  The 
solar  heat  has  but  little  influence  in  the  polar  regions.  In 
reflecting  upon  these  principles,  it  is  easy  to  perceive,  tiuit 
the  production  of  hydrogen  gas  being  extremely  scanty,  if 
at  all  occurring,  in  the  polar  regions,  the  electric  fluid  in 
flowing  back  from  the  equator  towards  the  pole,  must  pass 
through  a  space  occupied  only  by  a  mixture  of  azotic  and 
oxygen  gas^  that  the  electric  spark  fixes  and  comhineB 
these  two  gases ;  that  this  combination  ought  to  cause  the 
production  of  nitrous  acid,  or  of  nitrons  gas,  according  to 
the  p#bportion  which  prevails  between  the  two  comjioDeDt 
gases ;  and  that  the  gas  and  tiie  nitric  acids  thus  fonned, 
should  exhale  re(}  and  volatile  vapours,  which  give  rise  to 
the  phenomena  of  the  aurora  horealis.  If  these  phenomena 
do  not  occur  in  the  temperate  zones,  the  reason  is,  that  in 
their  strongly  heated  atmosphere,  there  is  always  to  be 
found  a  mixture  of  oxygen  and  hydrogen  gas,  which  attracts 
the  electric  spark,  thus  occasioning  thunder  and  lightning. 
These  two  phenomena  are  not  known  in  the  polar  regions, 
from  their  deficiency  in  hydrogen  gas. 

The  observations  of  the  elder  Omelin,  in  his  travels  in 
Siberia,  tend  to  confirm  the  opinion  of  M.  Libes.  As  we 
advance  into  eastern  Siberia,  the  aurora  borealis  becomes 
more  frequent  and  more  dazzling;  and  it  appears  Aat 
the  frozen  regions,  between  Jenissa  and  Cape  Behringy 
are  the  native  country  of  these  phenomena.  Now,  that  is 
exactly  the  quarier  of  the  old  continent  where  the  cold  is 
most  intense^  and  consequently  where  least  hydrogen  is  dis- 
engaged. 

This  explanation,  however,  does  not  account  for  several 
circumstances  of  the  phenomenon ;  amongst  others,  for  the 
blackish  segment  which  forms  the  base.  We  must  wait 
until  enlightenened  observers  have  applied  the  principles  on 
which  it  is  founded  to  a  certain  number  of  these  pheno* 
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mena.     We  would  ask  these  observers,  whether  the  aurora    book 
borealis  might  not  be  in  some  measure  the  effect  of  one  of      ^^* 
those  optical  illusions  of  which  we  have  been  speaking,  viz.  — 
the  mirage  i  and  whether  the  circular  segment  be  not  the 
image  of  the  terrestrial  globe  itself,  repeated  in  the  noctur-^ 
nal  atmosphere  ?    And  then  the  luminous  rays  which  appear 
to  issue  from  this  cloudy  segment,  would  in  fact  issue  from 
the  earth  itselfl    This  is  a  solution  which  we  submit  to  the 
examination  of  philosophers. 

Other  igneous  phenomena  recal  us  towards  the  surface  of 
the  earth.     We  know  that  animal  substances,  in  a  state  of 
ptttnsfaction,  always  emit  phosphorus,  which,  taking  fire 
from  tlie  contact  of  the  atmosphere,  produces  light  and  wan- 
dering flames.    Such  is  probably  the  origin  of  those  ignes  'cnii  Far 
Jahif  which  flutter  at  night  over  church-yards  and  fiOlds  of 
battle,  and  which  have  given  rise  to  pretended  apparitions 
of  spirits  in  churches  where  it  is  the  pernicious  custom  to 
accumulate  the  remains  of  the  dead.     Hydrogen  gas  is  often 
combined     with    phosphorus;   this  mixture  is  not  fit  for 
itspiration ;  it  quickly  suffocates.    This  is  also  a  circum- 
stance which  seems  to  enter  into  many  histories  of  spirits 
ud  apparitions,  namely,  the  inflammable  air  disengaged 
from  marshes,  which  is  hydrogen  gas  mixed  with  azotic 
The  air  which  inflames  on  the  surface  of  certain  springs^ 
known  by  the  name  of  burning  fauntainst  arises  from  tlie  Burning 
presence  of  hydro-phosphoric  gas,  or  as  it  is  otherwise  term-  *"" 
^f  phosphuretted  hydrogen.    One  of  these  springs  is  met 
with  in  the  parish  of  Saint  Bartholomew,  in  the  department 
of  the  Isere.    The  disengagement  of  inflammable  gas  dur- 
ing the  summer,  is  so  considerable,  that  we  continually  see 
a  flame  seven  feet  high ;  and  travellers,  when  they  first  be- 
hold it»  imagine  that  the  whole  village  is  on  fire.* 

Ignes  fatui,  arising  from  the  development  of  phosphu- 
^^d  hydrogen^  are  necessarily  soon  extinguished ;  a  suc- 

*  Bouvier,  Journal  de  la  Mfdicine  Eclairec?  par  Ics  Sciences  Physiques,  torn. 
Hi.  No.  8. 
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BOOK    cession  of  these  fires  will  therefore  appear  io  the  spectator  to 
x^*     be  one  single  flame,  which  moves  with  rapidity  tr<om  place 

'  to  place,  when  we  attempt  to  approach  it    The  au>  driTea 

on  before  us,  forces  the  lambent  flame  to  recede*^  There 
are  other  similar  fires,  which  appear  to  be  immoveable  when 
viewed  from  a  particular  spot  There  was  one  near  Bett- 
wick,  in  Sweden,  which  was  supposed  to  issue  from  the  mouth 
of  a  dragon  that  kept  watch  over  some  hidden  treaaures,  A 
simple  miner  ventured  to  sink  a  shaf^  which  discovered  a 
cavern  filled  with  sulphurous  pyrites  and  petroleum,  the 
combustion  of  which  had  occasioned  the  phenomenoii»t 

Falling  FaUing,  or  shooting  starSf  are  appearances  every  where 

^^^"'  observed.  They  are  probably  the  efiect  of  hydrogen  gas 
more  or  less  sulphureted,  for  phosphorus  is  too  rapidly  in- 
flamed, by  the  contact  of  the  air,  to  he  capable  of  reach- 
ing so  great  an  elevation.  What  seems  to  prove  the  hydro* 
sulphureted  origin  of  these  meteors,  is  the  nature  of  the 
circumstances  by  which  they  are  accompanied.  Tliese 
fires,  we  are  assured,  often  fall  to  the  ground;  and  noOing 
is  found  at  the  place  of  their  fail  but  a  fetid,  glutinous  mat- 
ter, of  a  whitish  colour,  bordering  upon  yellow.  Now,  we 
know  that  sulphureted  hydrogen  gas  holds  sulphur  to  it  in 
solution ;  that  the  hydrogen  and  the  sulphur  does  not  bum 
at  the  same  moment;  that,  consequently,  the  sulphuroas 
part  may  be  precipitated  to  the  earth,  whilst  the  hydrogen^ 
mixed  with  the  oxygen  of  the  air,  is  kindled  by  a  slight 
electric  spark. 

Fire  of  St.  The  Fire  of  Baint  ^mo  is  generally  considered  as  an 
accumulation  of  electric  matter  around  a  point,  which  moves 
in  tlie  air.  This  fire,  then,  may  be  expected  to  appear  fre- 
quently at  the  top  of  the  masts  of  a  vessel  sailing  along 
with  rapidity.  The  ancients  observed  this  phenomenon. 
These  fires,  when  seen  in  pairs,  were  called  Castor  and  Po^ 

*  Derham,  Philosopli,  Transact.  No.  411. 

i  M^moires  de  TAcadtfinie  de  Stockholm,   1740.     Bergmanii,  Geog.  Phys. 
ii.  80. 
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lux;  when  the  flame  was  single,  it  bore  tbe  name  of  Bden.    book 
The  spears  of  an  army  often  appeared  ornamented  with     ^^* 

th^e  electrical  plumes.*    A  Swedish  naturalist,  travelling 

on  horseback  In  snowy  weatlier,  saw  his  fingers,  his  s^tch, 
and  the  cars  of  his  horso  covered  with  a  fire  of  this  dc- 
Bcription.f 

Olobes  of  Jire  present  a  spectacle  much  more  imposing  Gjobcs  of 
than  all  the  preceding  pbenomena ;  they  are  seen  of  an  im-  "^* 
mense  size ;  their  light  is  sometimes  red,  but  oftener  of  a 
vivid  and  dazzling  whiteness,  like  the  flame  of  zinc  mixed 
with  nitre :  they  move  with  the  rapidity  of  lightning,  and 
appear  to  belong  to  the  higher  regions  of  the  atmosphere, 
as  they  have  been  observed  at  the  same  time  in  places  very 
distant  from  one  another.  This,  however,,  may  be  only  a 
continuation  of  tiieir  rapid  flight,  sometimes  shooting  along 
at  tile  rate  of  six  leagues  in  a  second.  We  see  them  often 
fai  the  space  of  a  few  seconds  appear  to  traverse  the  horizon, 
Maze  like  fire- works,  then  break  in  pieces,  or  discharge  tor- 
rents of  flames,  with  a  detonation  that  shakes  tlie  air  and 
the  earth  at  the  moment  of  their  explosion.  There  are 
some  which  are  precipitated  like  a  thunderbolt,  break 
through  the  roofs  of  houses,  destroy  animals,  and  dismast 
or  riiatter  vessels.  At  oflier  times,  they  move  over  the 
eartti  like  a  whirlwind  of  flame,  set  fire  to  trees,  devour,  or 
■t  least  overthrow,  every  thing  which  obstructs  their  course. 
They  are  occasionally  accompanied  with  thunder.  £lec« 
tricity  and  hydrogen,  perhaps  also  nitrous  gas,  seem  to  act 
here  an  iniportant  part ;  but  the  appearance  of  these  phe- 
nomena is  fiM>  momentary,  that  we  cannot  examine  fliem 
with  the  requisite  care.  It  is  only,  then,  on  hypothesis, 
that  we  consider  the  stones  thrown  down  from  the  air  as 
the  kernels  of  those  little  comets  of  the  terrestrial  atmo- 

*  Homer,  Odyssey,  xx.  133.  Cicero,  de  Divinatione,  i.  18.  Virg.  Georg, 
i.  478.  Pliny,  Hist.  Nat.  ii.  cap.  37.  Seneca,  Queest.  Nat.  i.  1.  Cesar, 
Bell.  Africa,  6  liv.  xxii.  1. 

t  Forskael,  dans  Bergmann,  Giogr.  Phys.  k  130. 
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BOOK    Sphere;  this  hypothesis,  however,  possesses  a  considerable 
*^*      portion  of  probability.* 
"""— ^     All  the  phenomena  which  we  have  just  been  considering, 
appear  attended  with   brightness,   and  even  with    noise. 
There  is  one,  however,  which  presents  itself  to  our  notice, 
as  the  result  of  a  gentle,  invisible,  and  noiseless  force,  but 
which  is  diffused  over  the  whole  of  the  terrestrial  globe :  I 
Magne-     allude  to  magnetism.    This  phenomenon  is  very  little  un- 
^*""*         derstood  as  to  its  real  nature — all  that  we  know  is  reduced 
to  this :  thci*e  appeara  to  exist  a  substance,  or  force,  of  some 
kind  or  other,  which  exercises  an  influence  probably  over 
all  teri"estrial  bodies,  but  which  is  chiefly  shewn  as  it  acts 
upon  the  ore  of  oxidized  iron,  called  loadstone.    These  sub- 
stances, presented  to  each  other,  are  naturally  attracted  at 
one  end,  and  mutually  repelled  at  the  other :  they  constant- 
ly turn  these  two  points,  in  which  their  magnetic  action  is 
concentrated,  towards  the  two  poles  of  the  world:  they 
communicate  by  friction,  or  by  contact,  this  power  to  bars 
Magnetic   A^d  nccdles  of  iron,  or  rather  of  steel ;  so  that  such  a  mag- 
needle,      ^^^{c  needle  indicates  by  one  of  its  points  the  north,  and  by 
the  other  south,  allowing  for  some  deviation.    This  pheno- 
menon of  the  direction  of  loadstones  is  attempted  to  be  ex- 
plained by  supposing  that  the  globe  itself  is  a  great  load- 
stone, which  exercises  its  magnetic  force  upon  all  bodies 
more  or  less  sensibly.     We  shall  not  enter  upon  the  discus- 
sions to  which  this  hypothesis  must  lead.f 

The  earth,  considered  as  a  great  magnet,  has  poles  and 
an  equator  different  from  those  which  give  to  it  its  shiqte 
and  its  rotation.  It  is  this  which  shews  the  two  kinds  of 
deviation  observed  in  the  magnetic  needle. 

*  See  Book  xi.  p.  262. 

t  iEpinus,  Tentamen  Tbeorie  Magneticn ;  les  M^inoires  de  Coulomb,  tnembre 
de  riiistitut ;  ceux  d^Euler,  dans  les  M^moires  de  Berlin,  1761,  1755,  et  1757; 
les  M6m.  SuMois  pour  les  ann^es  1750  et  1768,  avec  la  carte  de  Wilke;  the 
Transactions  of  the  Royal  Irish  Society,  vol.  !▼.  Dublin.  Van  SwiadeOi 
M^moires  sur  I'Analogie  de  Electricity  et  du  Magn^tisme.  Haiiy,  Physique,  {f 
720—832. 
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The  deviation,  or  the  angle  that  the  axU  of  the  magne-  book 
tic  needle  makes  with  the  meridian  of  a  place^  is  termed  its  ^^* 
declination.  It  is  either  west  or  east,  and  varies  in  differ- 
cnt  parts  of  the  globe,  at  different  times  of  the  year,  and 
even  at  different  hours  of  the  day.  These  diminutions  and 
augmentations  seem  to  vary  periodically ;  and  the  variations 
are  very  considerable.  At  London  the  declination  was  1 1 
degrees,  15  minutes  east  in  1580-1;  in  1657  the  needle 
pointed  directly  north;  in  1692  it  already  indicated  6  de- 
grees of  western  declination ;  and  in  1799,  this  declination 
increased  to  21  degrees.  In  1666,  there  was  none  at  Pa* 
ris;  in  1795,  it  amounted  to  22  degrees,  30  minutes  to- 
wards the  west  We  find  upon  the  globe  a  number  of 
spots,  in  which  there  is  no  declination  ;  but  these  belts 
mihaut  dedinatum  change  their  position  every  year.  We 
are  obliged  to  revise  the  magnetic  maps  every  10  or  12 
years. 

The  diurnal  oscillations  are  also  considerable.  Celsius 
observed  a  variation  of  12  minutes  in  an  hour,  and  from  2 
to  7  minute  in  the  24  hours.  The  experiments  of  Gassini, 
made  at  Paris,  give  the  following  interesting  result.  From 
Sjo'cloek  in  the  morning,  until  2  in  the  afternoon,  the  di- 
rection of  the  needle  approaches  the  meridian;  it  after- 
wards deviates  until  9  in  the  evening,  and  remains  station- 
ary during  the  night  The  sum  of  the  oscillations  towards 
the  west  exceeds  that  of  the  movements  in  a  contrary  di- 
iwrtion* 

The  incUnatian  consists  in  this:  the  magnetic  needle, inclination 
which,  under  the  equator,  generally  supports  itself  in  a  ho-  ^^^^^ 
mental  equilibrium,  which  is  given  to  it  when  placed  on 
the  pivot,  deviates  from  its  horizontal  position,  as  it  ap- 
proaches the  poles;  one  of  its  extremities  always  dips  to- 
wards the  pole.  The  greatest  inclination  yet  mentioned  is 
that  of  82  degrees,  observed  by  Phipps,  in  the  latitude  of 
79  degrees,  44  minutes  north.  According  to  the  observa- 
tions of  M.  de  Humboldt,  the  intensity  of  the  magnetic 
forces,  and  above  all,  the  inclination  augments  as  we  go 
from  ^the  equator  to  the  poles,  whilst  the  aerial  traveller. 
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BOOK    Gay  Lussac,  has  proved,  that  at  21,600  feet  above  us,  ihey 
^^*     were  the  same  as  upon  the  earth. 

The  circle  which  coipcides  with  the  vertical  plan^  pass- 
roJ^dfan^  iflg  through  the  direction  of  the  needle,  is  called  the  mu^- 
Mua'?©"^  ^^  '^'^^^^^^^^ '  ^^  points  where  all  these  meridians  would 
cut  each  otiier,  would  be  the  magnetic  poles  of  tbe  earUi. 
A  great  circle,  upon  which  there  is  no  inclination  of  tiie 
needle,  will  be  the  magnetic  equator.  According  to  the 
philosophical  researches  of  the  celebrated  Biot,*  the  mag- 
netic equator  now  forms,  with  the  terrestrial  e^ator,'  an 
angle  of  10  degrees,  58  minutes,  56  seconds ;  iti  western 
node  upon  the  terrestrial  equator  is  at  120  degrees,  2  mi- 
nutes, 2  seconds,  to  the  west  of  Paris,  that  is  to  aaj,  near 
the  Gallapago  Islands,  in  the  southern  sea ;  conseqaentiy, 
its  eastern  node  is  at  59  degrees,  57  minutes,  55  seconds^ 
to  the  eastward  of  Paris,  in  the  Indian  sea.  Hie  magnetic 
equator  descends  to  the  southward  of  the  terrestrial  equa- 
tor in-  tlie  Ethiopian  Ocean,  and  rises  to  tiie  norttward  in 
the  great  Eastern  Ocean.  Thus,  a  noitfaern  hemisphere 
projected  upon  the  magnetic  equator,  would  present  a  still 
greater  excess  of  land  upon  the  opposite  aquatic  faenu- 
sphere,  than  a  northern  hemisphere^  already  projected  upon 
the  terrestrial  equator — a  circumstance  whicli,  joined  to  tiie 
magnetic  direction  of  several  chains  of  islands,  fwesentsto 
our  notice  the  great  agency  which  magnetism  has  eserted 
in  the  formation  of  the  globe. 

Having  endeavoured  to  explain  the  nature  and  operatiooa 
of  atmospheric  fluids,  let  us  proceed  to  consider  ike  agita- 
tions with  which  this  ocean  of  gases  and  v^iours  is  albcted. 

*  M^moires  de  Humboldt  et  Biot,  sur  les  variations  du  Magn^tieroe  terrtttre 
A  djfffircntes  latitudes.    Journal  dc  Physique ,  Frimaire,  an  xiit..p.  244|  *9f. 
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CimiuiMatum  of  the  Theonf  of  Oeogt^oj^*     Of  the  move* 
metUo  peculiar  io  the  Aimosphe^e,  4xr  of  Wude. 

Th£  atmosphere  experiences  agitatiMS  which  displaoefto 
IMLrtides  in  various  directions,  and  which  all  •d^eni  en  a 
siii^  cauoe,  an  interroptton  4>f  its  eqailibriam,  the  restora- 
tion of  which  necessarily  takes  ^ace  in  coafermify  with  the 
laws  common  to  idl  fluids.  A  change  in  the  temperatore 
ofacolamnof  air»  the  transfomation  of  a  portion  of  the 
ataiospheric  geses  uilo  water,  their  €ongelattan»  in  a  word,  definition 
whstaver  causes  a  ▼acnm,  a  condensation,  a«  expannott,^^^'"^"* 
aid  consequently  4estro7Bthe  equilibriaflk  suhsisting  amo^g 
the  differMjt  paits  dt  the  atmosphere,  necessarily  prodooes 
tlie  rapid  displacement  of  A  mass  of  air,  that  is  to  say»  a 

The  velocity  of  winds  being  the  circuaurttmce  most  pal-  Velocity  of 
(wUe  to  oar  senses,  several  arbitrary  denominations  have  ^'"^'' 
resulted  from  it,  the  princip^  of  which  are  as  foUows : 

Gtatie     windj  (a  breese^)  one  |hat  travertes  10  feet  in  a  second. 

Moderate (an  ea»y  gale,)  •  IS 

Strong     (a  stiff  gale,)  .  .      24 

Ftelen/,  (atquaU,)        .  .  35 

{Slight,  .  .  ,43 

Stormf        {Comiderable,       ,  .  49 

(FioUnij         .  .  .54 

ir*M^:mM-»M  i  ^^  **»•  temperate  zones,  .  60 

'''*^'*^'**}  Of  the  torrid  zone,       .  .    120  to  300, 

*  D^Alembert,  Recherchee  sur  le  cause  gen^rale  des  Vents ;  Paris,  1754. 
Be  la  Coudraye,  Thteric  des  Vents  et  des  Ondes,  cauronn^  i  Copenhague,  en 
1786.  Halley,  Account  of  the.  Trade- Winds  and  Monsoons,  in  the  FhiloM* 
phical  Transactions,  No.  IftS.  Forrest,  Tw atiso  on  the  Monsoons,  London, 
1783.    Dampier,  Trait6  des  Vents. 
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The  direction  of  winds  in  not  demgnated,  like  that  of  ma- 

^▼i-    rine  currents,  by  the  point  of  the  compass  to  which  they 

tend,   but  by   the   point   from    which  they  come;  thii%  a 

northerly  wind  is  directly  contrary  to  a  northerly  curmit 

Kindt. of        In  regard  to  tluration,  winds  are  distinguished  as  ow- 

^     *       stofU  and  variabU;  in  regard  to  extent,  as  general  aod 

jfortiaL 

Two  general  and  constant  movements  exist  in  the  atmo- 
sphere; the  one  prevails  in  the  torrid  zone,  and  carries  the 
air  westward  in  respect  of  the  earth,  in  a  direction  conform- 
able to  that  of  the  general  movement  of  the  ocean ;  the 
otiier,  which  is  principally  felt  in  the  temperate  zones,  car 
ries  tiie  polar  air  towards  the  equator,  and  by  this  means 
produces  two  polar  currents  or  effluxes,  similar  to  those  al- 
ready pointed  out  in  the  ocean- 
Origin  of       We  shall  first  consider  the  equatorial  movement  of  the  at- 
•unTenit-  itt<Mphere ;  that  which   occasions  the  trade-windSf  or  the 
erlywind«.con8tant  east  wind  which  blows  in  the  torrid  zone.    The 
primary  cause  of  those  winds  seems  to  be  the  expansioa 
which  the  air  undergoes  from  the  action  of  heat ;  for  the 
sun  (which  we  suppose  to  be  situated  in  the  plane  of  the 
equator)  must  evidently,  by  its  heat,  rarefy  the  colamns 
of  air  beneath  it,  and  raise  them  above  tiieir  level,  from 
which  they  must  of  necessity  either  be  dissipated  in  the  celes- 
tial spare,  or  sinking  again  by  their  weight,  they  flow  towards 
the  poles,  along  the  higher  parts  of  the  atmosphere   At 
the  same  instant,  however,  a  fresh  quantity  of  air  must  ar- 
rive ;  proceeding  from  the  polar  regions,  it  comes  to  re- 
place the  air  which  has  been  rarefied  at  the  equator.    Thus 
two  opposite  currents  of  air  will  be  formed ;  one  in  the  high- 
er, another  in  the  lower  strata  of  the  atmosphere.    But  the 
real  velocity  impressed  on  each  particle  of  air,  being  caused 
by  the  earth's  rotation,  must  be  smaller  the  nearer  thst 
particle  is  to  the  poles;  and  hence  the  circumpolar  air, as 
it  advances  towards  the  equator^  and  preserves  for  a  time  its 
primitive  velocity,  must  revolve  more  slowly  than  the  corres- 
ponding parts  of  the  earth ;  bodies  situated  at  the  earft's 
surface  will  therefore  strike  against  it  with  this  excess  of 
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Telocity^  suffering,  from  its  re-action,  a  resistanre  opposed    book 
to  their  rotatory  motion ;  and  to  the  observer,  who  imagines     ^^^ 
himself  to  be  at  rest,  the  air  will  appear  to  move  in  a  direc-  ^' 

tion  precisely  contrary  to  that  of  the  rotation  of  the  gIobe» 
IB  other  words,  from  east  to  west 

The  different  positions  of  the  sun,  at  different  seasons  of  Modifica- 
thc  year,  will  produce  certain  modifications  in  those  atrao-  conrtant** 
spheric  moTements.    We  shall  indicate  their  general  cha-  easterly 
ntcter.     When  the  sun  passes  to  the  north,  in  April,  May^  ^' 
and  June,  the  air  of  our  hemisphere  is  proportionahly  dila- 
ted, from  the  equator  to  the  pole.    It  will  rise  therefore, 
and  the  yoid  produced  by  its  rarefication,  in  the  lower  stra- 
ta, will  be  filled  by  a  polar  current.    At  this  season,  ac- 
cordingly, we  shall  have  a  north  wind ;  but  in  a  certain  la^- 
titude,  suppose  30",  our  north  wind  will  encounter  the  ge- 
neral east  wind ;  if  they  meet  at  right  angles,  a  compound 
movement  will  result,  and  we  shall  have  a  north-east  wind. 
On  arriving  at  the  summer  solstice,  the  sun  will  warm  every 
part  of  the  northern  hemisphere,  more  or  less  considerably; 
the  heat   will  continue  for  a  certain  period  of  time ;   and 
hence  in  July  and  August  we  shall  have  fewer  north-winds. 
But  our  luminary  retires ;  the  polar  air  is  cooled  and  con- 
densed anew ;  the  equatorial  atmosphere  becomes  more  and 
more  dilated.    The  general  north  wind  will,  therefore,  re- 
appear in  September  and  October.    It  will  go  on  increas- 
ing as  the  sun  recedes  from  us,  and  approaches  the  winter 
solstice.     There  will  be  a  limit,  at  which  the  condensation 
of  the  air  north  of  the  equator,  and  the  expansion  of  the 
air  to  the  south  of  it,  will  cease ;   an   equilibrium  more 
or  less  perfect  will  then  reign  throughout  all  the  atmo<- 
sphere. 

The  same  phenomena,  in  a  contrary  order,  must  happen 
in  the  southern  hemisphere.  Over  all  the  globe,  therefore, 
we  should  find  equatorial  and  polar  winds  of  regular  occur- 
i^nce,  if  those  general  movements  were  not  resisted  and  de- 
flected by  an  infinite  number  of  causes.  Similar  variations, 
we  have  seen,  produce  an  influence  on  the  currents  of  the 
<h:^ii  ;  and  the  atmosphere  being  incalculably  more  snbtlfl, 
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oinI  fdso  less  homogeKons  titan  watnv  we  cannot 
'*^     Aat  it  AooM  be  nraro  sensible  te  the  emaUest  ImpalBe,  and 
""""""^  mere  liable  to  nnexpected  changes. 

Origin  of  The  ineqaalities  of  the  eaiHi'a  sarfkce,  wid  the  devenitf 
wlsdi'^^  of  its  soils,  have,  no  doubt,  a  powerM  inflaeace  on  tiie  coa- 
atitntion  «f  the  iftmpnphere.  At  one  place,  mountains  oorer- 
ed  with  cAernal  snow  arise,  and  prevent  the  air  from  under- 
going file  t«me  expansion  as  in  Talle]r8 ;  at  anoAer,  boning 
SBiids,  forests,  nmrsbes,  sarannahs,  are  spread  oul^  and  ex- 
hale various inlammsdile gases;  at  atiiird,  we  observe laige 
basins  of  water  surronnded  and  irregulariy  indented  by  land. 
The  air  must,  therefore,  suflfer  relative  and  partial  ooaden- 
sations  and  expansions :  hence  the  sea-ireeaie,  the  land-inase, 
tiie  mauntAin-inrUxe.  Those  changes  too  inrill  occur  ffitfer- 
ently  in  summer  and  in  winter,  daring  the  day  and  during 
the  nigbt  Bence  the  morning  and  the  evening  breeases, — 
tfMise  oiimeiiMEfiiiates,  those  zephyrs,  whose  refreshing  breath 
re-animates  us  in  the  warm  season. 
Sea  and  These  alternate  breezes  are  felt  at  very  high  latitudes,  as^ 
land  breez-  |)ir  example,  at  Bergen  in  Norway.  The  South  Sea  Islands, 
Botwilhstanding  their  small  circumfl»«nce,  in  this  manner, 
during  day-time,  attract  the  general  east  wind,  wUch  is 
tims  made  to  embrace  them,  as  it  were,  on  every  sid^  and 
to  blow  from  all  points  of  the  compass  towards  the  central 
summit  of  the  island.  When  night  anives,  Hie  air  flows 
back  again  flrom  llie  summit,  towards  the  sea  in  every  dt^* 
rectlon.  This  observation  of  Forster's  throws  great  light 
on  the  theory  of  winds. 

In  the  last  place,  chains  of  mountains  may  arrest  wiMls  ia 
Ae  lower  regions  of  tiie  atmosphere,  br  torn  them  from  tiieir 
direct  path,  and  sometimes  give  them  more  impetuosity,  as 
marine  currents  acquire  greater  force  in  the  neighbooriiood 
of  straits  and  promontories.  Such  violent  movements  of  the 
air,  when  arrested  by  an  obstacle,  have  given  partieQiar  no- 
toriety to  Cape  Horn,  the  Cape  of  Gfood  Hope,  and  the 
South  Cape  of  Tan  Dlemen's  Land,  to  the  Strait  of  Bab-el* 
Mandel  in  Arabia,  and  the  Dragon's  Month  in  America,  not 
to  mention  others. 
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Ezhalatioiis  from  Ao  soil  impart  their  own  pacnliar  qiu^ 
iities  to  winds.    Thus,  in  Arabia,  the  aimoom  carries  mnoh     ^^^ 
nitrons  gas  along  with  it;  the  Harmattafi  of  Guinea  nwch    . 
oxygon  I  the  Chanmn  of  Egypt  much  azote.  ^c^u'J^^ 

The  positions  of  the  moon  may  exercise  an  influence  on^"^^^7\ 
winds^  by  producing  a  sort  of  ebb  and  flow  in  the.  atnw^  JitStce/*" 
sphere;  but  we  are  by.  no  means  of  opinion,  that  the  inu 
mediate  agency  of  the  lunar  attraction  os|n  excite  such  oscil* 
lationa.  This  immediate  ageney,.in  so  suhtlea  fluids  most 
be  altogeihec  transient^  and>  consequently,  its-  effect  almost 
impwcqptible.  The  phenomenon  a|^ars  rather  to  be  caus* 
cd  by  aro-action.of  the  ocean  on  the  atmosphere.  Indeed^ 
the  movements  o£  tha  sea  must  generally  have  an  importairt 
influence  on  those  of  the  air.  It  is  chiefly  from  the  bosom 
of  the  sea  that  the  constituent  principles  of  our  atmosphere 
are  unfialded ;  and  its  parts  must,  therefore,  have  a  velocity 
proportionate  to  that  of  the  aqueous  particles  from  which 
they  have  just  been  disengaged. 

Cloods^  by  intercepting  or  condensing  the  sun's  rays; 
commoa  rain,  by  its  cooling  effect;  vegetation,  by  absorb** 
ing  great  quantities  of  air ;  the  decomposition  of  animal  and 
vegetable  substances,  may  all  contribute  to  the  formation  of 
local  winds. 

Bkrricanes  appear  to  have  an  electric  origin.  At  the  Hum*' 
moment  when  the  electric  spark  unites  a  quantity  of  oxygen  ^ 
gas  with  a  quantity  of  hydrogen,  to  produce  a  rain-storm, 
ia  all  probability  a  considerable  mass  of  hydn^gen  is  con* 
Bomed,  and  thus  occasions  a  sudden  fall  of  rain  or  hail ;  by 
which  means  a  very  large  vacuum  is  formed,  and  the  am- 
bient air  rushes  into  it,  with  astonishing  rapidity,  and  some- 
tiiDes  in  the  most  opposite  directions. 

The  Antilles,  the  Isle  of  France,  and  the  Isle  of  Reunion^ 
the  kingdoms  of  Siam  and  China,  are  the  countries  in  * 
vMch  hurricanes  most  frequently  exercise  their  ravages.. 
The  hunicanes  of  Europe  are  not,  in  any  way,  to  be  com- 
pared with  those  of  countries  farther  to  the  south ;  general- 
ly speaking,  the  former  are  nothing  more  than  whirlwinds 
occasioned  by  the  meeting  of  two  opposite  currents.    But 
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in  a  real  hurricane,  all  the  elements  seem  to  have  combiaed 
^^''     and  armed  themselves  Tor  the  destruction  of  nature.    The 
"—'"*•  lightnings  cross  each  other;  the  launder  roars  without  in- 
terval ;  rain  falls  down  in   torrents.    The  velocity  of  the 
wind  far  exceeds  that  of  a  cannon  ballf  or  of  the  powd^ 
which  impels  it  $  growing  com,  vines,  sugar  canes,  forests 
and  houses,  every  thing  is  swept  away ;  one  might  imague 
the  ground  it  had  passed  over  was  cleared  and  leyeUed.    It 
begins  in  various  ways ;  sometimes  we  have  one  little  black 
.  cloud  appearing  on  the  summit  of  a  mountain ;  at  the  instant 
when  it  seems  to  settle  on  the  peak,  it  rushes  down  the  de> 
divity,  unrolls  itself,  dilates  and  covers  the  whole  horizon; 
at  other  times,  the  tempest  advances  in  the  shape  of  a  fire-oo- 
loured  cloud,  shewing  itself  suddenly  in  a  calm  and  serene 
Bky.* 
i¥at«r-         The  water  spwt  or  syplumf  is  a  no  less  dangerous  phe- 
^oDs^  nomenon.    Syphons  are  distinguished   as  terrestrial  and 
marine;  it  were  better  to  divide  them  into  air  sifpham  and 
water  syphons.    The  latter  usually  occur  in  the  mammr 
we  are  now  to  describe.    Underneath  a  dense  dood,  tiie 
sea  becomes  ^^tated  with  violent  commotions ;  the  waves 
dart  rapidly  towards  the  centre  of  the  agitated  mass  of  wa- 
ter ;  on  arriving  at  which,  they  are  dispersed  into  aqueoss 
vapours,  and  rise,  whirling  round  in  a  spiral  direction  to- 
wards the  cloud.    This  conical  ascending  column  is  met 
by  another  descending  column,  which  leans  towards  the   I 
water,  and  joins  with  it.    In  many  cases,  the  marine  co- 
lumn is  from  50  to  80  toises  in  diameter  near  itibase; 
both  columns,  however,  diminish  towards  the  middle  where 
they  unite ;  so  that  here  they  do  not  extend  more  than 
three  or  four  feet  in  diameter.    The  entitle  column  pre* 
sents  itself  in  the  shape  of  a  hollow  cylinder,  or  tube  of    ' 
glass  empty  within.  It  glides  over  the  sea  without  any  wind 
being  felt;  indeed  several  have  been  seen  at  once  following 
different  directions.    When  the  cloud  and  the  marine  base 

•  V'oigt,  Magasin  dc  Physique,  vii.  36 — 40,  (in  Germ.)     Comp.  Encyf]f»- 
prdie  Method ique  Marine,  tome  lit.  panic  2cl,  p.  813.  et  9qq. 
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of  the  water-spout  move  with  unequal  velocities,  the  lover 
Done  is  ofteu  seen  to  incline  sideways,  or  even  to  bend,  and  ^^^^ 
Knalljr  to  burst  in  pieces.  A  noise  is  then  heard  like  that  of 
I  cataract  falling  in  a  deep  valley.  Lightning  frequently 
issues  from  the  very  bosom  of  the  water-spout,  particularly 
vhen  it  breaks ;  but  no  thunder  is  ever  heard.^ 

Philosophers  explain  this  phenomenon  in  the  following  Origin  of 
aanner:  Two  winds  meet;  a  vortex  ensues;  any  cloud j^^i^* 
which  happens  to  lie  between  them  is  condensed  into  a 
conical  form,  and  turned  round  with  great  velocity.  This 
rotation  impresses  all  the  particles  of  the  cloud  with  a  cen- 
trifugal force;  they  are  driven  towards  the  exterior  sur* 
(see;  a  vacuum  is  produced  within,  about  the  axis  of  the 
cone ;  watra*  or  any  other  body  lying  beneath  Ihis  vacuum^ 
is  carried  into  it  by  the  effect  of  gravity  striving  to  re-es- 
tablish an  equilibrium. 

Ha?ing  considered  the  general  and  the  modifying  causes 
of  winds,  let  us  now  trace,  with  greater  minuteness,  such  of 
those  atmospherical  movements  as,  by  their  regularity  and 
extensive  occurrence,  are  most  important  to  geography. 

In  the  Atlantic  Ocean,  the  general  east  or  trade-wind  Trade- 
prevails  up  to  the  32d  or  the  28th  degree  of  north  lati- J^^^^*« 
tnde,  according  as  the  sun  is  in  this  or  the  other  hemi- Ocean, 
sphere.    On  the  north-east  coasts  of  America,  the  trade- 
winds  extend  as  far  as  40  degrees ;  a  fact  evidently  shew- 
ing that  currents  in  the  atmosphere,  like  currents  in  the 
ocean,  grow  broader  as  they  proceed :  while,  on  the  other 
hand,  the  east  winds,  like  the  westerly  movement  of  the 
ocean,  do  not  begin  to  produce  a  vigorous  effect,  till  they 
have  reached  a  certain  distance  from  the  eastern  continent, 
their  point  of  departure.    The  same  peculiarity  occurs  in 
the  Ethiopian  Ocean,  where  the  east  wind  extends,  in  like 
manner,  some  degrees  farther  on  the  coast  of  Brazil,  than 
near  the  Cape  of  Good  Hope.    As  those  east  winds  always 

*  Voyages  of  Dampier,  Thfivenot,  Le  Gentil,  &c.  £ncyclop6die  Method. 
Marine,  tome  iii.  partie  2d,  p.  791,  Forster,  Observations  on  Physical  Geo- 
yapby,  p.  93,  (in  Germ.) 
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vmm  receive  tihe  impidse  of  the  two  polar  ataoepheric  cttmHt% 
^i^VK  at  an  angle  approaching  more  or  less  to  a  right  angles  tiicy 
change  int3  north-east  in  the  norttiemhemispherey  and  soa^ 
eoit  in  the  southern  hemisphei^  But  on  approachliig  the 
coasts  of  Americay  the  general  east  wind  NBumea  it9  tstotf 
overcomes  the  effect  of  the  polar  corrents^  and'  fiillow9  its 
own  direction  >  from:  east  to  west>  with  niore<Mr^tonresact- 


Windt  in  Ob  the  ooast  of  Guinea^  particularly  from  Siem  Leone 
G^i^af  ''^to  the  Isle  of  St  Stephen,  south  and  south-west  winds  p^^- 
vail  over  an  extent  of  500  leagues  of  shore.  They  turn 
more  to*  the  south-west  and  west,  as  we  approach  tiie 
land.  If  to  this  circumstance  be  added  the  fao^  thal^  in 
Gnineaf  there  sometimes  occum  an  east  wind  tff  estrene 
violence, 'it  appears  natural  to  v&gurd  those  two  movemente 
as  having  a  direct  connexion ;  and  the  south  and  sooA- 
west  winds  will  thus  be  nothing  more  than  partial  cat* 
rents- of  the  general  trade-wind,  attracted' to  the  vast  conti- 
nent of  Africa,  where  the  air  is  prodigiously  raivfied  by 
means  of  the  solar  rays  reflected'  from  its  burning  saMb. 
Bnt  as  the  general  trade-wind^must^  notwithstanding,  some- 
times produce  its  eKct  in  the  interior  of  that  oontinent, 
these  great  masses  of  air,  accumulated  and  cMdensed  on 
the  central  platfonn  of  Africa,  will  now  and  Aen  make  vio- 
lent eruptions^ 
Region  of  On  the  confines  of  the  two  trade-winds,  in  the  wwtem 
caimf.  ocean,  between  the  4th  and  10th  degrees  of  nortb  latitude, 
and  the  3S0th  and  d65th  of  longitude  (from  Fmto,)  there 
is  a  space  of  sea  where  navigators  find  perpetual  calms,  ac- 
companied by  a  suffocating  heat,  by  thunder-storms  and 
dreadfol  lightning,  with  rains  so  frequent  and  so  copious^ 
that  this  tract  has  been  called  the  rainy  sea.  The  sli{^ 
winds  that  occur  here  are  but  sudden  squalls,  of  short  du- 
ration and  little  extent  ^  so  that  sometimes  every  hour  af- 
fords a  different  wind,  which  degenerates  into  a  calm  before 
another  succeeds  it 
Calms  prevail  equally  about  tlie  common  limits  of  the 
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trade-wtnds  nd  TWHAle  winds;  but»  in  these  cases,  they    b«0K 
are  soon  destroyed  by  blasts  end  tornadoes.  ^'^'* 

It  is  from  observing  this  habitual  condition  of  the  atmo« 
gphera,  ttiat  ilzed  methods  have  been  laid  down  for  sailing  to  °^''^^^^'' 
and  firoa  the  ooMtittent  of  America.  In  the  first  case,  a  na^ 
figfltor  always  endeavours  to  get  southward  to  a  latitude 
near  tha  tnfile,  beeaase  in  that  quarter  be  is  sura  of  finding 
i  fk^sh  easterly  op  nortb»easterly  wind,  which,  jpined  to  the 
fVevaUtiig  eavpent,  will  rapidly  drive  him  towards  the  Ame* 
licaa  eoaat*  For  retorningto  Europe,  he  endeavours  to 
leach  at  laaal  tlie  SOth  degree  of  latitude ;  .because  it  is  here 
that  tiie  winds  ftrst  become  variable,  thoogh  still  more  fre- 
quently they  Mow  frbm  south-west 

la  the  Cfriai  Ooiom^  or  Pacific  Sea,  we  again  find  theTrade- 
goMAl  aiovemeat  of  the  atmosphere  from  east  to  west,  mo-  t^^e^^cffic 
difed  Hf  the  two  polar  currents.    The  vast  extent  of  this 
sea  aBowa  the  atmosphere  to  aafbld  its  natural  movements 
is  a  r^gatar  manner.    The  nortb-^east  and  the  sotfth-east 
whds  are  here  so  steady  and  strong,  that,  if  at  Panama,  in 
piaoe  of  an  isthmus,  fliene  were*  a  strHit,  tiie  voyage  to 
China  would  be  accomplished  much  sooner  by  sailing  west* 
wud  than  by  saifiag  eastward*    As  those  movements  set 
ovt  from  America  and  the  Andes  mountain-cbain,  they  are 
more  fedile  and  circumscribed  on  the  coast  of  America, 
where  they  begin,  than  near  or  even  within  the  tropics.  On 
the  opposite  coasts  of  Ana  and  the  regions  to  the  south, 
they  estead  as  to  as  tbe  finrtieth  parallel.    In  sailing  from 
Acapulco  to  the  Philippines,  the  Spaniards  simply  allow 
themsiAves  to  be  carried  forward  by  the  winds  and  cur- 
i^ntaf  which  drive  fliem  in  a  straight  line,  and  very  speed- 
il^f  to  their  place  of  destination ;  and  this  is  the  reason 
why,  fhougb  navigating  that  ocean  so  long,  they  have  dis- 
covered so  very  few  <d  those  southern  regions,  trwn  which 
thejr  wese  frequently  at  no  great  distance.    In  returning 
to  Meidco^  they  ascend  as  far  as  Japan,  and  then  direct 
their  course  to  the  north-west  coast  of  California.    This 
S^t  extent  of  the  trade-winds  must  be  attributed  to  the 
weakness  of  the  polar  currents,  aerial  as  well  as  marine; 
VOL.  I.  25 
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BOOK  while  it  13  the  superior  strength  of  the  soofli  polar  currents 
^^^*  which  causes  south  winds  to  prevail  along  the  coast  of 
Peru. 
Moniooni,  It  is  in  the  Indian  Ocean  alone  that  the  famous  monsoons, 
^earf  ^'  or  half  yearly  winds,  seem  to  destroy  tlie  unifonnily  of  the 
wiodt  of  general  atmosj^eric  movement.  No  doubt,  however,  they 
might  hp  made  to  accord  with  it,  provided  we  know  all  the 
circumstances  which  influence  them.  We  exhibit  the  Cacts 
in  the  first  place.  From  the  10th  degree  of  south  latitude  to 
the  tropic  of  Capricorn,  and  beyond  it,  the  general  east  or 
south-east  trade  wind  prevails  over  all  the  Indian  Ocean, 
sometimes  in  summer  extending  as  far  as  the  2d  and  Sd  de- 
grees of  south  latitude.  .  On  this  side  the  10th  degree,  we 
first  meet  with  the  monsoons*  or  periodical  half  yearly  winds. 
North  of  the  equator,  from  April  to  October,  a  violent  «FtfM- 
west  wind  prevails,  accompanied  with  tempests,  storms,  and 
rain ;  while  a  soft  and  pleasant  nort^eeu^  wind  blows  during 
the  other  six  months.  Between  the  second  and  twelfth  pa- 
rallels of  south  latitude,  the  winds  blow  generally  from 
morthrwtst  during  the  winter  six  months^  from  souih^wtstva 
summer*! 

During  winter,  then,  the  constitution  of  the  atmosj^ere 
exhibits  the  following  principal  circumstances :  North-east 
winds  north  of  the  line ;  north-west  winds  south  of  it,  to  the 
10th  parallel ;  and  finally,  the  east  and  south-east  trade- 
winds.  In  summeVf  the  phenomena  are  less  contradictory : 
South-west  winds  from  the  lOtli  parallel  to  the  northern  li- 
mits ;  trade-winds  south  of  the  10th  paralleL 
Varieties  These  general  tendencies  are  subject  to  variations,  de« 
MoDtoons.  pending  on  the  figure  and  elevation  of  coasts,  on  straits, 
and  currents  of  the  sea.  The  north-west  and  south-west 
monsoons  are  weaker  and  more  variable  in  the  Bay  of  Ben- 
gal, more  steady  and  violent  in  the  gulf  of  Arabia.  Both 
those  monsoons  grow  broader  to  the  west,  ranging  in  this 
direction  over  the  whole  tract  of  sea  that  lies  between  Af* 

*  From  a  Malay  word,  mouuiny  signifying  teamn. 

t  Moore''6  Practical  Navigation,  12th  edit.  London,  1796,  p.  134,  tf/icf. 
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rica  and  Madagascar.  In  the  seas  extending  between  Chi^  book 
iia,  the  kingdom  of  Siani»  Sumatra,  and  the  equator,  those  ^^^* 
monsoons  are  felt  likewise ;  but  here,  excepting  local  varia- 
tions,  they  are  almost  entirely  north  and  south.  They 
extend  as  far  as  the  Philippine  Islands,  and  though  with 
much  inconstancy,  even  to  Japan*  Between  the  equator, 
the  island  of  Java,  and  New  Guinea,  the  monsoons  are 
nearly  similar  to  tliose  of  the  Chinese  Sea,  in  regard  to 
their  direction,  which  merely  varies  a  little  to  the  north- 
west in  the  north  monsoon,  and  a  little  to  the  south-west  in 
the  south  monsoon.  But  they  do  not  begin  till  six  weeks 
after  those  of  the  Chinese  Seas. 

Some  other  striking  circumstances  still  remain  to  be  no-  How  the 
ticed.  The  monsoons  do  not  change,  or,  as  sailors  express  Si&nge!"* 
it,  do  not  break,  of  a  sudden.  Their  change,  which  usually 
takes  place  fifteen  days  or  four  weeks  after  the  equinoxes, 
is  announced  by  the  decay  of  the  existing  monsoon,  by  calms 
and  squalls  in  rapid  succession,  by  storms,  water-spouts, 
tornadoes,  and  by  Indian  hurricanes,  called  taifounSf  parti- 
cularly terrible  from  the  explosions  of  electric  matter  accu- 
mulated by  the  monsoon.  The  beginnings  of  the  subsequent 
monsoon  are,  at  first,  liable  to  variations,  till  finally  it 
establishes  an  absolute  dominion. 

Navigators  assert,  that,  on  quitting  the  region  where  a  D.^ubic 
monsoon  prevails,  one  is  sure,  in  ordinary  circumstances, 
to  fall  in  with  a  very  strong  and  impetuous  wind,  blowing 
from  a  quarter  directly' opposite.  They  must  naturally 
have  observed  this  phenomenon  with  much  care,  since  the 
calms  and  whirlwinds  it  occasions  are  productive  of  great 
danger.  It  can  hardly  be  explained,  except  by  admitting, 
with  Hulley^  the  existence  of  two  currents,' — one  above,  com- 
posed of  wa^m  and  rarified  air ;  another  below,  composed  of 
the  column  <>f  cold  and  condensed  air.  This  hypotiiesis 
will  become  almost  a  settled  truth,  if  we  observe  how  small 
is  the  elevation  to  which  the  monsoon  extends — a  fact  clear- 
ly exhibited  in  the  peninsula  on  this  side  the  Ganges,  where 
the  monsoons  are  arrested  for  several  months  by  the  moun- 
tain chain  of  the  Gauts,  (not  certainly  of  extraordinary 
25 
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BOOK    height ;)  so  that  the  coast  of  Coromandel,  and  that  of  Mala- 
XVI.     har,  have  always  their  dry  and  their  rainy  seasons,  at  oppo- 
site  periods  of  the  year. 

According  to  the  preceding  description,  it  is  the  pnUh- 
west  monsoon  alone  which  presents  any  phenomena  direct- 
ly contrary  to  the  general  movement  of  the  atmosphere; 
for  the  north-east  monsoon  is  in  conformity  with  i^  and 
the  north-west  wind  south  of  the  line  seems  not  to  be  alto- 
gether constant,  and  may  pei*haps  arise  from  nothing  more 
than  a  compound  movement,  or  a  higher  current  of  air. 
What  then  is  the  origin  of  tiiis  half-yearly  wind,  which  in 
summer  blows  from  south  and  south-west,  over  all  the  In- 
dian ocean  ?   The  sagacity  of  physical  geographers*  has 
long  been  exercised  by  this  question.    We  give  the  explana- 
tion of  which  Halley  laid  the  ground-work,  and  which  ap- 
pears to  us  the  most  plausible. 
General         xhe  monsoons  always  change  some  time  after  the  eqni- 
tion  of  the  noxes ;  they  constantly  blow  towards  that  hemisphere  in 
which  the  sun  is  found.    The  action  of  this  luminary  on 
the  atqaosphere,  is,  therefore,  plainly  one  of  their  causes. 
When  its  rays,  reflected  from  the  mountains  of  Thibet^ 
scorching  the  plains  of  Bengal,  and  the  valleys  of  the  king- 
dom of  Siam,  rarefy  and  dissipate  the  atmosphere,  the  cold 
air  becomes  violently  attracted  from  the  regions  about  the 
south  pole.    The  sun's  action  is  seconded  by  the  marine 
current,  which  proceeds  from  the  south  polar  seas  to  those 
of  India.  -This  current  must  bring  with  it  a  column  of 
vapours,  continually  disengaging  themselves  from  its  sor- 
face.     The  absence  of  a  northern  marine  currat  most 
farther  be  added ;  we  can  even  imagine,  that  the  mountaiiis 
of  Thibet,  and  the  whole  central  platfbrm  of  Asia,  may 
arrest  and  preserve  the  cold  air,  which  would  otherwise 
proceed  from  Siberia  towards  India. 

But  why  does  not  this  polar  wind  prevail  sovth  of  (fee 
equator  also?    For  the  same  reason  which  renders  the 

*  Dduc,  Modifications  dc  rAtmoipMre^  No.  730.    Mutclienbroek,  £fliai  i» 
Physique,  ii.  879. 
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aqoatic  polar  current  inconsiderable  there.  The  general  book 
movement  of  the  ocean  being  here  opposed  by  no  obiitacley  ^^^* 
has  too  much  force  to  be  modified  by  the  polar  current.  A  — — — " 
similar  result  happens  in  the  atmosphei«ey  at  all  times  inti- 
mately connected  with  the  ocean^  which  feeds  and  modifies 
it  But  on  leaving  New  Holland  between  us  and  the  Pa- 
cific Ocean,  the  gweral  movement  of  the  Indian  sea  must 
evidently  be  more  and  more  abandoned  to  its  individual 
force,  and  that  force  must  soon  be  overcome  by  the  polar 
current,  which,  after  being  long  deflected  or  concealed  by 
the  general  movement  of  the  ocean,  now  re-appears  in  aU 
its  energy.  The  polar  column  of  water  now  fills  the  at- 
mosphere with  cold  particles,  which,  by  their  gravity,  de- 
termine the  whole  atmospheric  mass  to  flow  towards  the 
equator,  more  strongly  and  more  directly  than  it  would  have 
flowed  otherwise.  It  is  possible,  moreover,  that  higher 
currents  may  exist  in  the  atmosphere,  and  descend  to- 
wards the  earth  at  the  time  when  the  monsoons  com- 
mence. 

On  the  west  side,  the  mountains  of  Lupata  in  Africa,  Ezpiana- 
and  those  of  Madagascar,  may,  or  rather  must  concur  in  ||cuiar?ir- 
furnishing  their  cloudy  and  stormy  air  to  the  south-west  <^>n*<«n- 
monsoon,  which,  from  this  circumstance,  begins  here,  in  the 
chanael  of  Mozambique.    It  is  possible  that  mountains  in 
the  interior  of  New  Holland  may  exert  a  similar  influence 
on  the  east  side. 

When  the  sun  has  passed  into  the  southern  hemisphere^ 
the  monsoon  alters  its  direction ;  the  mass  of  air  which  had 
been  accumulated  during  summer  on  the  central  platform 
of  Aflia*  now  ^bestirs  itself,  and  moves  towards  the  regions 
south  of  the  equator,  where  the  atmosphere  has  been  dilated 
and  dissipated  by  the  solar  heat.  Over  most  part  of  the 
Indian  ocean,  this  monsoon  proceeds  from  the  north-east, 
because  the  central  jibtform  lies  to  the  noi*th-east  On  the 
o&er  handp  as  ihe  seas  of  China,  of  Borneo,  of  New  Gui- 
nea, of  Java,  have  the  centre  of  Asia  to  the  north  and 
north-^esrW  the  monsoon  comes  to  them  from  those  points. 
It  arrives  in  a  slow  progresoion^  in  consequence  of  the  many 
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BOOK  islands  whose  elevated  sammits  arrest  and  turn  it  aside. 
XTi.  r£^Q  north-east  monsoon  is  mild  and  agreeable,  because  the 
""—"^■^  mass  of  air,  condensed  on  the  central  platform  of  Asia  dur- 
ing summer,  having  originally  passed  through  the  torrid 
zone,  and  afterwards  remained  exposed  to  the  sun's  action 
about  the  time  of  solstice,  it  has  thereby  lost  the  cold  and 
the  cloudiness  which  otherwise  it  might  have  acquired  from 
contact  with  the  Siberian  atmosphere*  It  seems  possible 
that  this  north-cast  monsoon  may  fall  in  with  a  remnant  of 
the  preceding  monsoon,  about  the  second  or  third  degree  of 
south  latitude ;  a  remnant,  which  is  perhaps  maintained  in 
existence  by  the  mountains  of  Africa,  Madagascar,  and  New 
Holland,  since  the  cold  air  of  those  mountains  is  not  solicit- 
ed to  flow  towards  the  south  pole,  and  has  no  outlet  but  to- 
wards the  equator.  From  this  direct  rencounter  of  the  old 
and  the  new  monsoon,  a  compound  movement  would  result, 
which  miglit  produce  those  north-west  winds  so  common 
between  the  equator  and  the  tenth  southern  parallel^  during 
the  whole  continuance  of  the  north-east  monsoon. 

Both  monsoons  are  more  powerful  in  the  Arabic  Galf, 
because  this  strait  and  shallow  piece  of  water  has  no  cur- 
rents in  it  but  such  as  are  superficial,  and  therefore  unable 
to  resist  the  action  of  the  winds. 
General  All  the  irregularities  displayed  by  winds  pertaining  to  a 
conciuiion.  p||^j.g  qj,  ^  region  of  the  globe,  are  thus  nothing  more  than 
combined  efiects  resulting  from  the  general  atmospheric 
currents,  from  partial  interruptions  of  them,  from  the  son's 
apparent  motion,  and  the  arrangement  of  mountains. 

The  reader  who  has  followed  us  through  those  wide  but 
indispensable  details,  may  perhaps  desire  that  we  should 
recompense  him  by  again  pourtraying  the  useful  or  agree- 
able effects,  of  which  the  winds,  whose  paths  we  have  just 
been  tracing,  are  productive.     Shall  we  stop  to  repeat  ob- 
UtUity  and  scrvations  so  familiar  ?    The  winds,  it  is  well  known,  purify 
derJrwT*    ^^^  atmosphere,  by  keeping  up  a  perpetual  agitation  in  it; 
from  windfl.  they  dissipate  the  miasmata  exhaled  from  marshes  and 
stagnant  water;  they  raise  and  transport  the  clouds  des- 
tined to  fertilize  the  ground  by  means  of  rain.    Millions 
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of  seeds,  furnished  with  their  little  pinions,  ride  upon  the    book 
wings  of  the  wind,  and  spread  afar  the  empire  of  vegeta-     ^^'* 
tion.    The  ingenuity  of  man  has  made  a  lever  of  the  winds,  — — 
which,  when  applied  to  machinery,  spares  him  an  immens- 
ity of  toil.    If  the  ocean  is  the  highway  of  our  globe,  winds 
are  the  indefatigable  coursers  which  rapidly  transport  our 
ships  from  pole  to  pole.    Considering  winds  merely  in  a 
picturesque  point  of  view,  how  many  enjoyments  do  they 
procure  to  a  lover  of  the  great  spectacle  of  nature — above 
all,  to  the  inhabitant  of  mountains  !    Sometimes  they  spread 
over  every  valley  a  curtain  of  clouds,  which  shews  the 
summits  of  the  far  distant  Alps   like  so  many  islands 
scattered  on  the  surface  of  an  ocean ;  sometimes  partially 
drawing  this  curtain  aside,  they  open  to  us  all  at  once  the 
most  astonishing  prospects,  in  which  the  brightest  sunshine 
forms  a  happy  contrast  with  the  contiguous  shades.    It  is 
to  storms  of  wind,  that  the  painter  and  the  traveller  are 
indebted  for  the  most  extraordUiary  scenes  which  can  meet 
flieir  view.    In  the  evenings  of  summer,  and  still  more  of 
autumn^  it  is  the  winds  which,  accumulating  and  marshal- 
ling their  long  trains  of  clouds,  create  and  destroy  before  us 
those  fugitive  landscapes,  those  aerial  mountains,  which 
are  tinged  by  the  fires  of  the  setting  sun. 

The  atmosphere  undergoes  various  other  modifications  in 
respect  of  its  local  temperature,  or  ot  physical  dimate.  They 
will  form  the  subject  of  our  next  book. 
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QonHnuation  of  tJie  Thwr^  of  Gagraph^.  Of  the  Lo' 
col  Temperature  of  the  Mmosphertf  or  ^  Pkj/skal  (M- 
mate9. 

In  no  departmeiit  of  geography  have  autbori^  an^  pre* 
oOiK^ived  opinions  been  permitted  to  prevail* more  generally 
than  in  that  which  tres^ts  of  the  causes  of  physical  climates. 
The  sun  was  long  considered  as  the  only  source  of  those 
varieties  of  temperature  which  we  e^ferience  in  the  differ- 
ent  regions  of  the  earth.    The  influence  ascribed  to  windi 
was  determined  only  accordijig  to  some  local  ohservatioos 
which  had  been  made  by  Hippocrates  in  Gi^eece^  or  in  the 
neighbouring  countries.    That  this  branch  of  phyaios  may 
be  thoroughly  invest^ated^  it  is  requisite  for  civilised  na- 
tions not  only  to  dispatch  travejlors  to  the  ndgbboortMod  d 
the  poles  and  the  equator^  but  also  to  form  permiuawt  ^ 
tablishments  in  these  quarters  of  tlie  globe.    It  ip  by  unit- 
ing together  and  arranging,  under  general  points  of  view, 
the  results  of  particular  local  observations,  that  we  shall 
endeavour  to  trace  a  sketch  of  climatology^  in  some  measure 
corresponding  to  the  present  state  of  the  other  sciences. 
Physical        Physical  climate  comprehends  the  degree  of  heat  and 
c  ima  e.     ^^^^^  ^^  droughty  the  humidity,  and  the  salubrity,  whicl^ 

occur  in  any  given  region  of  the  earth. 
Its  causes.     The  causes  of  physical  climate  are  nine  in  number : 

Istf  The  action  of  the  sun  upon  the  atmosphere.  Sid 
The  interior  temperature  of  the  globe,  dd,  The  elevation 
of  the  earth  above  the  level  of  the  ocean.  4tA,  The  gene- 
ral inclination  of  the  surface,  and  its  local  exposure.  Stiif 
The  position  of  its  mountains  relatively  to  the  cardinal 
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points,    eth.  The  imghbonrhood  of  great  seas,  and  their   book 
rdative  situation.    7th,  The  geological  nature  of  the  soil.    ^^^^ 
8/A,  The  degree  4»f  cultivation  and  of  population  at  which 
a  countiy  hAs  amved.    MAy  The  prevalent  winds. 

The  air  does  not  appear  to  acquire  immediatdyy  by  the 
pa  wage  of  the  solar  rays,  a  considerable  degree  of  heat    It 
is  this  wliich  proves  the  successive  coldness  of  the  different " 
strata  of  air  which  is  observed  upon  all  mountains.'*!' 

The  distinction  between  smrible  luat,  which  warms  the  SensibU 
fueUchuhMui  latent  beaU-whidk  only  dUates  then^t  i»alu»  heat!""'^"' 
■s  iasagine  tiiat  the  superior  air,  more  disengaged  jQctmi  va- 
poars,  «nd  less  compressed^  must  allow  the  calorific  rays  to 
pass  mwee  feedy ;  and  that«  on  tiie  contrary^  the  mere  the 
air  is  condensed,  the  more  will  the  rays  be  sto]^ied  in  their 
course,  and  repelled,  and  reflected;  in  various  directions 
the  shodi  nf  the  two  fluids  will  thus  be  more  forcible;  and 
it  is  priAaUy  a  ahmlar  shock  that  causes  the  disengage- 
ment of  latent  eataric,  which  is  the  principal  cause  of  flie 
wasihtei  heat  «f  oar  atniospliere. 

But  what  ofaMf  comlribntes  to  warm  the  lower  rc^ons  Reflection 
of  the  «H%  is  the  refieetion  of  the  rays  which  strike  against  ''^'''^''"<'' 
thsgnmnd,  aid  which,  thrown  back  again  towards  the  at- 
Meq^hoTB,  stop  in  the  inferior  part  of  it,  and  are  confined 
10  tiie  midst  of  the  wateiy  vapours  with  which  it  is  loaded. 
Hus  rtflection  necessarily  accumulates  the  heat  in  the  re- 
gions nearest  to  the  surface  of  the  earth.  We  cannot  here 
typlain  the  theory  of  catoic  considered^  as  a  radiant  bo^yp 
t  theoiy  which  has  been  recently  devdoped  ^  but  it  is 
sufficient  for  i^r  purpose  to  observe  that  extraordinary  de^ 
gNe<of  heat  which  <>ften  exists  on  two  sides  of  the  same 
UMwntainy  whilst  the  neighbouring  plain  is  but  moderately 
warmed. 

The  degree  of  immediate  solar  heat  is  determined  by 

*  1>eloG9  ModificationB  de  TAtmosph^re,  ii.  i  797,  tqq, 
t  Laptace  et  LavoSBier,  Mtoo'tre  stir  le  Calorique  iatent,  dans  les  Mlmoires 
dc  TAcademie  des  Sciences,  1780,  p.  388. 
{  Preyost,  Th^iie  du  calorique  rayonnant,  Geneve,  1809, 
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BOOK  four  causes.'*!'  The  first  is  the  distance  of  the  sun  from  the 
zvii.  eai*th.  If  we  take  the  mean  distance  equal  to  10,000  the 
distance  at  the  summer  solstice  is  equal  to  IO9I669  and  at 
the  winter  solstice  to  9,834  ;  the  proportion  is  nearly 
as  30  to  S9.  The  quantity  of  rays  falling  upon  the  same 
plane,  being  inversely  as  the  squares  of  the  distances,  their 
proportion  will  be  as  841  to  900,  or  as  1  to  IfV*  'I'bus  the 
quantity  of  solar  rays  which  the  globe  receives  in  winter  is 
greater  than  that  which  it  receive  in  summer.  The  second 
cause  which  we  have  to  consider  is  the  direction  more  or 
less  oblique,  in  which  the  rays  strike  the  earth,  and  which 
depends  upon  the  height  of  the  sun  in  the  ecliptic  The 
more  directly  the  rays  fall  the  more  force  they  have,  and, 
at  the  same  time,  the  greater  is  the  number  falling  upon  a 
given  space. 

Fatio,  in  considering  the  perpendicularity  of  the  rays, 
which  gives  them  a  great  force,  computes,  that,  indepen- 
dently of  all  other  causes,  the  heat  of  summer  should  be  to 
that  of  winter  as  9  to  1.  But  these  calculations  suppose 
the  surface  of  the  earth  to  be  exactly  spherical,  without  the 
least  local  declivity.  The  third  circumstance  to  consider  is 
the  length  of  the  day,  or  the  length  of  that  semi-diamal 
arc  which  the  sun  describes.  The  continuity  augments  the 
effect,  and  the  short  nights  allow  only  a  small  quantity  of 
the  acquired  heat  to  evaporate.  The  fourth  and  last  cause, 
which  modifies  the  solar  heat,  is  the  refraction  which  the 
rays  experience  in  passing  more  or  less  through  the  differ- 
ent strata  of  the  atmosphere.  Bouguer  has  calculated,  that^ 
taking  10,000  rays,  8,123  of  them  arrive  at  a  given  point, 
if  they  come  perpendicularly,  7,024,  if  the  angle  of  direc- 
tion is  50  degrees,  2,831  if  it  is  seven  degrees,  and  only  5  if 
the  direction  is  horizontal. 

The  solar  heat,  distributed  according  to  these  four  prin- 
ciples, would  be  entirely  different  from  that  which  we  ac- 
tually experience.    We  should  have  in  the  summer  sol- 

^  Mairan,  M^m.  de  rAcademie  des  Sciencei,  1719  et  1765.  Bougatr,  sur  U 
Gradation  de  la  Lumiirf .    Bercmann,  Giog.  Phyiique,  ^  140, 
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stice  under  tbe  line,  20  degrees  of  Reaumur's  thermometer;  book 
at  Paris,  36 ;  under  the  polar  circle,  68;  and  under  the  74th  ^^il* 
parallel  of  latitude,  we  should  find  the  terrible  heat  of  80  de-  ' 

grecs  of  Reaumur.  It  would  then  diminish  towards  the  poles. 
In  the  winter  solstice,  the  cold  would  be  equally  distributed 
in  a  manner  perfectly  contrary  to  experience.  We  are 
therefore  certain  that  the  direct  and  immediate  action  of 
the  rays  of  the  sun  does  not  of  itself  determine  physical 
climates. 

Some  persons  have  sought  for  the  cause  of  climates  in  the  internal 
internal  heat  of  the  globe,  which  generally  appears  to  be  gfol^f -***^ 
about  10  degrees  of  Reaumur  above  zero. 

That  heat  is  not  the  effect  of  a  central  fire.  Such  a  fire  Central 
might,  without  doubt,  exist  in  the  bosom  of  the  globe,  as  '** 
tiiere  are  cavities  filled  with  air,  but  it  would  act  more 
powerfully,  and  with  greater  uniformity.  The  beneficial  in- 
fluence of  it  would  be  felt  towards  the  poles,  as  well  as  under 
the  equator.  All  the  deep  springs  would  be  hot  Rome  de 
I'Isie,  in  his  work  upon  the  heat  of  the  globe,  has  refuted  all 
the  false  reasonings  by  which  Buffon  and  Bailly  had  deceiv- 
ed themselves.  We  shall  form  a  juster  conception  of  the  in- 
ternal temperature  of  the  globe,  if  we  regard  it  as  the  result 
of  the  different  degrees  of  heat  which  it  may  have  acquired 
from  the  successive  action  of  the  sun,  and  which  are  accu- 
nralating  in  the  course  of  ages,  as  far  as  the  density  of  the 
globe  admits  of  it,  and  the  force  of  the  solar  rays  is  adequate 
to  the  production  of  such  an  effect  The  globe  having  once 
acquired  this  depth  of  heat,  which  is  uniformly  diffused 
tlirough  all  its  parts,  the  variable  temperature  of  our  sum- 
mers and  winters  can  no  longer  produce  a  change  in  its  in- 
terior. But  if  we  suppose  some  local  fermentations  in  the 
interior,  these  might  influence  and  modify  the  external  tem- 
peratare.  It  is  possible,  too,  that  some  kinds  of  soils  trans- 
mit with  more  facility  than  others,  the  internal  heat  Fi- 
nally, observations  having  shewn  that  the  internal  tempera- 
tore  of  lakes  and  of  seas  is  much  below  that  of  continents ; 
^e  inference  is,  that  in  summer,  the  atmosphere^  which  is  in 
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contact  with  these  jnasses  of  water,inu8t  always  be  less  heit' 
•d  than  that  portioD  of  it  which  is  contiguous  to  the  earth.* 

With  the  elevation  of  the  land,  cold  increases  in  a  verj 
nfid  jurogreasion.  It  is  superfluous  to  produce  examples  oj 
thi%  who  does  not  know  that  winter  continues  to  reign  on 
the  Alps  and  the  Fyrenees,  while  the  flowers  of  spring  arc 
cohering  the  plains  of  northern  France  ?  This  beneficent 
appointment  of  nature^  considerably  increases  the  number  ol 
habitable  countries  in  the  torrid  zone.  It  is  probable^  that 
At  the  back  of  the  flat  burning  coasts  of  Ouineat  there  eiisl 
in  the  centre  of  Africa*  countries  which  enjoy  a  delightfiil 
temperature;  as  we  see  the  vernal  Talky  of  Quito,  situate 
noder  the  same  latitude  with  those  destructive  coasts  oJ 
French  Guyana,  where  the  humid  heat  constantly  cherishes 
the  seeds  of  disease.  On  the  other  hand,  it  is  the  continued 
eleratioa  of  the  ground,  which,  in  the  central  part  of  Asia, 
extends  the  cold  regions  to  the  S5th  parallel  of  latitude,  so 
that  ia  ascending  from  Bengal  to  Thibet,  we  imagine  our- 
selves kt  a  'few  days  transported  from  the  equator  to  the 
pola* 

The  general  atped  should  be  distinguished  from  the  local 
Hipect  The  west  of  France,  for  example,  has  a  general 
western  aspect;  and  notwithstanding  this,  the  valley  of  AI- 
lier  is  exposed  to  the  north ;  that  of  May  enne  to  the  south; 
that  of  Quest  in  Brittany  to  the  south-east  Thus,  the  ge- 
Jieral  declivity  of  a  country,  lai^  in  itself  does  not  exclude 
the  most  opposite  locid  declivities.  It  may,  however,  be  ad- 
mitted as  a  general  principle,  that  the  positive  sum  of  all  the 
local  aspects  is  in  the  same  direction  as  flie  general  aspect 
This  principle  can  be  applied  only  to  spaces  of  great  extent,' 
£&r  example,  the  entire  tract  of  country  througfh  which  a 
livsr  flows, 

Eveiy  one  knows  of  what  e&ct»  as  to  temperature,  is 
the  exposure  of  a  soil  relatively  to  the  sun.  A  hill,  in- 
clined 45  degrees  towards  the  south,  when  the  son  is  els- 

*  See  the  authors  quoted  by  DelainCtherie,  Th^orie  de  la  Terrei  iii.  sect. 
W5,  756,  ftc.  *c. 
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Fated  45  degrees,  receives  the  solar  rays  perpendiculBrfy-^ 
HTliilst  upon  a  plain,  the  same  rays  strike  the  soil  under  an    '^^ 
uiglc  of  45  degrees,  that  is,  with  one  quarter  less  of  force;  "" 

md  a  hill  inclined  45  degrees  to  the  norfli,  will  be  struck: 
}j  the  solar  rays  in  a  horizontal  directioi^  which  makes 
liein  glide  along  its  surface.  If  the  ground  is  stiiL  more 
nclined  to  the  north,  it  will  receive  no  rays,  and  wiU  m- 
nain  always  in  the  shade.  These  diflbrenoes,  which  are 
easily  perceptible  in  hiHy  countries,  are  extrenm  ui  regions 
covered  with  high  mountains.  It  is  tiius^  that  in  the  Ya- 
lais,  we  see  the  Alps  on  one  side  covered  wifli  eternal  ice^ 
whilst  vineyards  and  orchards  adorn  tiie  opposite  hilte  widk 
all  the  charaas  of  fertility. 

There  is  still  anothei*  circumstance  to  be  ofaservedw  TImEthcu  of 
angle  of  incidence  of  the  rays  of  the  sun  is  determined  for  JJj^^'JJJ^ 
any  given  moment  of  the  day,  by  the  exposure  of  the  land, 
but  it  varies  also  with  the  diurnal  course  of  tiie  sun.  The 
hill,  which  in  the  morning  received  the  solar  rays  under  a 
direct  angle,  receives  them  more  obliquely  at  noon,  aaA 
ferhaps  the  rays  in  the  afternoon  will  merely  glide  over  th& 
surface  of  the  ground.  The  case  is  precisely  the  reverse 
^ith  hills  exposed  to  the  west  This  is  attended  with  some 
very  remarkable  consequences,  which  we  are  about  to  ex- 
plain. 

Every  western  exposure  (from  sooth-west  to  north-west)  Wmi  uid 
ought  to  be  warmer  than  the  corresponding  eastern  expo-  J^J^j. 
sure,  all  other  things  being  equal — ^for  the  rays  of  the 
morning,  which  directly  strike  the  hills  exposed  to  the  east, 
have  to  counteract  the  cold  which  has  accumulated  there 
during  the  night  When  the  atmosphere^  in  the  after- 
noon, shall  have  reached  its  greatest  degree  of  warmth, 
th«  solar  rays  will  no  longer  serve  to  concentrate  this  mass 
of  heat  upon  soils  lying  towards  the  east;  for  they  will 
fall  only  obliquely.  On  the  contrary,  those  hills  which 
incline  towards  the  west,  have  been  already  provided  with 
heat  during  the  whole  morning;  and  as  soon  as  the  solar 
^ys  strike  them  in  a  direct  manner,  they  collect  and  con- 
centrate all  the  caloric  of  the  atmosphere,  without  encoun- 
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BOOK    tering  any  obstacle.    Every  thing,  on  the  contrary^  will 
^▼ii«    concur  in  promoting  their  action. 

Without  stopping  to  give  more  detailed  explanations, 
aspect.  we  shall  only  remark,  that  according  to  this  principle,  south- 
south-west  and  south-west  situations  are  the  warmest  of  all; 
whilst,  on  the  contrary,  those  of  the  north-east  are  the 
coldest  It  is  scarcely  necessary  to  observe,  that  we  speak 
here  only  of  the  Mrtliem  Hemisphere^  and  that  we  leave  j 
out  of  view  all  local  and  temporary  circumstances. 

As  a  moderate  degree  of  cold  is  favourable  to  health, 
and  as,  under  the  latitudie  of  Greece,  any  degree  of  cold  to 
which  they  were  ordinarily  exposed,  may  rather  be  looked 
upon  as  refreshing  than  disagreeable,  it  is  clear  that  Hip- 
pocrates was  right  in  recommending  eastern  situations  with 
regard  to  salubrity.*  But  is  it  not  contrary  to  good  sense 
to  apply  the  same  principle  to  climates  much  nearer  the 
Pole,  where  the  cold  is  regarded  with  apprehension,  and 
where  the  heat,  generally  more  moderate,  brings  witii  it 
none  of  those  epidemic  maladies  of  which  Hippocrates 
speaks.  There  are  so  many  circumstances  which  combine 
to  render  a  climate  salubrious  or  unhealthy,  pleasant  or  in- 
hospitable, that  the  attempt  would  be  extremely  injodicioos 
to  characterise  climates  solely  according  to  general  or  local 
exposures. 
Exposures  If  we  consider  exposures  only  by  themselves,  and  with- 
the^wir^  out  reference  to  other  circumstances,  we  may,  with  Hippo- 
ent  parts  of  crates,  compare  the  eastern  one  to  Spring,  those  of  the 
^  ^  ^^*  south  to  Summer,  those  of  the  west  to  Autumn,  and  those 
of  the  north  to  Winter — ^for  although  it  is  true  that  the  con- 
stitution most  common  to  climates  under  these  exposures 
answers  to  that  of  the  seasons  which  they  resemble,  yet  a 
more  exact  and  more  intelligible  comparison  would  be  one 
with  the  different  divisions  of  the  day.  The  most  severe 
cold  is  felt  early  in  the  morning ;  this  division  corresponds 
to  the  north-east  exposure,  which  is  the  coldest ;  the  beat 
augments  until  three  in  the  afternoon.    In  like  manner, 

•  Hippocratf,  Ttmlv  des  Airs,  dcs  Ejuix,  ct  des  Lieux. 
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exposores  become  always  more  favourable  to  beat,  till  we  book 
come  to  the  south-west  Evening  and  midnight  follow,  cor-  xvii* 
responding  to  western  and  northern  exposures.  — — 

In  considering  the  climates  peculiar  to  each  country,  in 
the  subsequent  volumes  of  this  work,  we  shall  see  these 
general  observations  confirmed  by  a  great  number  of  exam- 
ples. 

The  position  of  mountains  is  not  always  essentially  con-  Pomtions 
nected  with  declivities  of  ground,  since  there  are  some  moun-  °^^^' 
tainous  plateaux  or  upland  plains,  which  (at  least  as  to  a 
portion  of  their  extent)  have  no  general  declivity,  as  in  Mon- 
golia, in  Thibet — and  since,  on  the  other  hand,  we  find  coun- 
tries which  incline  on  several  sides,  without  their  most  ele- 
vated parts  being  furnished  with  real  mountains,  as,  for  ex- 
ample, the  centre  of  European  Russia- 
Mountains  act  upon  climates  in  two  ways — ^they  attract 
the  vapours  suspended  in  the  air ;  these  vapours,  by  their 
condensation,  produce   clouds  and   fogs,  which  generally 
conceal. the  summits  from  our  view.    Often,   also,  these 
assemblages  of  watery  substances,  which  the  winds  waft  in 
every  direction,  are  stopped  in  their  devious  course  by 
chains  of  mountains,  in  the  elevated  valleys  of  which,  they 
continue  to  accumulate.    These  effects  are  still  more  sensi-  Shelter 
biy  felt,  when  a  chain  of  mountains  is  crowned  with  exten-  fontt^ 
sive  forests.    They  add  to  the  elevation  of  the  mountain, 
they  block  up  its  passages,  and  they  furnish,  above  all,  in- 
^austible  nourishment  to  the  running  waters.    The  de- 
struction of  forests  may  sometimes  prove  a  blessing  to  a 
country,  by  procuring  a  freer  circulation  of  air-7-but,  car- 
ried too  far,  it  becomes  a  scourge  which  may  desolate  whole 
legions.     We  have  a  sad  example  of  this  in  the  Cape  de 
Verde  islands,  not  to  mention  others  of  a  less  striking  cha- 
racter.   It  is  the  destruction  of  the  forests,  and  not  a  sup- 
posed cooling  of  the  globe,  which  has  rendered  the  southern 
part  of  Iceland  more  accessible  to  the  dreadful  cold  which 
is  too  often  produced  by  those  masses  of  floating  ice  which 
ai^  intercepted  and  detained  by  its  northern  coasts.    Al- 
though mountains  cannot  prevent  the  general   motions  of 
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tile  atOMSsphere  fSrom  taking  place,  tiiey  maj^  howeffer^  by 
3^^^^    stopping  them  in  part,  rentier  particulur  winds  more  or  kas 
'  ^  frequent  throughoiit  a  certain  extent  of  covntry. 

There  cannot  be  a  doubt  that  the  Alps  do  oonteilmto  in 
aecuring  to  Italy  iti  deltghtM  and  hxgff  climate  its  per- 
petaal  sprinf^  and  its  double  harreater 
Effect  of        Examples  of  climates,  rendered  colder  by  the  position  af 
the  abienoe  mountains^  are  frequent  enough.    If  centhd  and  aavliiem 
tai?«^^'    ftassia  are  exposed  to  colds  disproportionate  to  fiieir  lati- 
tude, and  to  tiieir  exposure,  which  is  in  a  great  meawtfe 
southern,  it  is  owing^  amongst  other  canse%  to  the  want  of 
a  diaitt  of  mountains  to  the  north,  which  might  weaken  the 
action  of  the  diilfing  icy  winds  that  Mow  from  the  White 
Sea  and  tiie  UreUan  mountains*    Siberia  iain  a  dtffersnt, 
and  still  more  unfarourriile  predicament*    It  fllopea  to- the 
norths  and  conseqnently  lies  open  to  winds  from  the  Frozen 
Sea  f  at  the  same  tisM,  its  great  inclination  is^  on  tiie  south 
sid^  Clowned  by  flie  AHai  mountains,  which,  wfa^e  fliey 
hinder  tiie  cold  winds  from  getting  vent,  and  passing  £n^ 
ther  away,  intercept  also  the  warm  breeaes  of  Sontfaem 
Asia* 
Tempera-      The  Shelter  from  winds  which  is  horded  by  monntains, 
im.^^^^*  may  sometimes  becmne  hurtful  from  excess*    Thus  we  fiiri 
the  heat  prove  insupportable  in  those  valleysy  which  in  sum*' 
mer  concentrate  and  strongly  reflect  the  rays  of  the  san* 
When  valleys  are  extensive  and  wide,  when  they  pres^it  a 
considerable  declivity  for  the  flowing  of  water,  and  allbrd 
free  access  to  winds  from  the  north,  the  temperatiuPB  may 
then  be  dry  and  cold,  ss  in  the  Champsaur  described  by  ¥ii- 
lar*    The  inhabitants  of  such  ^aces  will  haVie  good  com- 
plexions, and  enjoy  a  sound  state  of  health. 
Unwhaie-      '"  valleys  which  are  low,  narrow,  and  hollow,  and  whidi 
some  vai-  receive  dry  winds  only  very  obliquely,  torrents  of  watar  and 
^^'^         the  rains  find  no  vent,  the  surface  becomes  marshy,  flie  air 
(*^  does  not  circulate,  and  dampness  and  fogs  perpetually  pre- 

vaiL  It  is  in  such  places  that  we  meet  with  beings  feeble,  in- 
dolent,  and  stupid,  that  are  called  cretins :  they  become  deaf, 
dumb,  and  almost  blind ;  they  remain  insensible  to  all  im- 
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pi«ssioDfl»  except  sensual  a|^tite8 ;  if  we  strike  tbem,  they  book 
testify  BO  aensation;  and  they  appear  to  be  excited  by  no  ^^^i* 
wants.  Thdr  dangling  arms,  fheir  gaping  mouths,  their  """""^^ 
necks  swollen  and  pendant,  their  cadaverous  colour,  indi- 
cate the  lowest  state  of  hnman  degradation,  and  of  animal 
d^eaeracy.  The  chiUing  damp  which  constantly  broods 
ofer  these  countries,  except  when  it  is  exchanged  for  the 
warm  and  equally  rdaxing  rapours  of  summer,  may  be  re-* 
girded  as  the  true  cause  of  the  goitre  and  of  Cretinism. 
These  maladies  bear  a  great  analogy,  in  their  cause  and 
principal  efEscts,  to  the  swellings,  the  articular  tumours,  and 
tiie  imbecility  of  the  effeminate  Scythians  mentioned  by 
ffippocrates.  Fodere,  wbo  purposely  visited  the  valley  of 
Aosta  and  Manrienne^  where  cases  of,  goitres  and  mental 
iabedlity  chieAy  occur,  remarks,  that  they  appear  only  in 
the  centre  of  ti^  valleys  of  the  Alps,  and  that  even  there 
they  are  confined  to  the  narrowest  part  of  the  valley,  which 
ceases  to  produce  theni  as  it  widens  toward3  the  summit  of 
file  mountains,  where  brisker  and  driw  air  prevails,  in 
which  the  inhabitants  enjoy  health. 

These  maladies  are  to  be  found  in  the  Bas  Vallais,  at  the 
base  of  the  Pyrenees  and  Apennines,  and  in  some  of  the 
rallies  of  Daophiny  and  Upper  Provence*  The  sallow  in- 
habitants^ which  we  see  in  several  humid  districts  of  Ame- 
rica, the  white  Negroes  of  the  Ethiopian  and  Madagascar 
noimtainB,  and  the  piebald  Negroes,  iqipear  all  of  them  to 
be  a  species  of  cretins  in  a  greater  or  less  state  of  degene- 
racy. Zimmerman  attributes  to  the  suffocating  heats,  which 
are  fidt  in  certaiB  deep  valleys  of  Switzwland,  the  instances 
of  madness  which  are  so  common  in  these  places ;  and  he 
states,  that  the  inhabitants  of  these  defiles  are  obliged, 
daring  summer,  to  send  away  their  children  to  the  neigh- 
boariag  mountains,  for  the  preservation  of  their  memory 
and  reason.* 

The  neighbourhood  of  the  sea  moderates  the  excess  of  Effects  of 
temperature.    In  hot  climiites,  the  maritime  regions  are  not  ^'JXod* 

of  the  sea, 

*  See  the  articles  Switzerland,  Carinthia,  &c.  in  this  Work. 
VOL.  I.  26 
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BOOK  SO  warm  as  the  centre  of  the  plains.  In  high  latitiidesy  the 
XVII.  coasts  and  the  islands  are  less  cold  than  the  interior  of  the 
*"'*'*"'""  continents.  In  the  mountains  of  Norwajf  so  intense  is  the 
cold,  that  it  has  sometimes  proved  fatal  to  tiie  Swedish 
armies  i  the  dead  bodies  have  been  found  lying  rank  and 
file ;  at  the  same  time,  the  coasts  of  the  country  enjoy  a 
very  mild  climate.  The  port  of  Bergen  does  not  freeze  bo 
often  as  the  Seine.  Laurels,  fig-trees,  myrtles,  and  pome- 
granates, which  cannot  subsist  in  the  centre  of  France^ 
grow  naturally  in  abundance  at  Brest*  The  temporatares 
of  the  different  seasons  also  approach  nearer  each  other  in 
the  neighbouriiood  of  the  sea.  At  Plymouth,  altimigfa  the 
mean  heat  of  the  year  is,  on  the  whole,  a  little  less  than  that 
of  Paris,  the  winter  months  are  much  less  cold.  The  fh€^ 
mometer  never  sunk  lower  in  the  time  of  Huxham  than  ten, 
or  ten  below  aero,  nor  rose  higher  than  21.2  on  the  scale  of 
Reaunhir. 
influeBee  The  internal  nature  of  the  soil  must  have  an  influence  oa 
ft^"uke  climate  in  a  variety  of  ways.  All  grounds  are  not  heated 
^^m'l^^  equally  soon*  One  soil  quickly  parts  with  its  acquired 
heat»  while  another  retains  it  for  a  long  time.  Ezbak' 
tions,  which  vary  according  to  the  nature  of  the  soil,  rise 
into  the  atmosphere,  and  become  identified  with  it.  Clayey 
grounds,  and  those  which  are  impregnated  with  salt,  cool 
the  atmosphere ;  extensive  accumulations,  when  they  are 
dry,  augment  the  heat  It  is  supposed,  for  example,  that  the 
severe  cold,  and  the  unwholesome  air,  which  prevail  in  the 
governments  of  Astracan  and  Orenbui^,  partly  arise  from 
the  saline  nature  of  the  soil ;  while  several  provinces  in 
France  owe  in  part  their  dry  and  salubrious  temperature  to 
this,  that  their  soil  is  sandy,  calcareous,  and  in  general  light; 
ground  which  is  stony  and  barren,  emits  fewest  vapours. 
The  contrary  may  be  said  of  marshy  soils;  grounds  of  this 
description,  and  even  sands  impregnated  by  moistor^  di' 
minish  the  heat;  and  as  the  waters  there  are  for  the  most 

*  See  th9  articles  France  and  Rustia. 
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part  stagnant,  the  duration  of  the  frosts  is  prolonged  with- 
out bringing  in  retam  a  sky  serene  and  unobscured  by    xrii. 
noxious  fogs.    This  is  the  reason  why  the  winter  in  Hoi-  """""" 
land,  under  5ft  degrees  of  latitude,  is  often  more  dis- 
agreeable than  that  of  the  Danish  islands  under  the  95th 
paralleL 

The  effect  of  marshes,  in  hot  countries,  is  still  more  fa- 
tal, for  they  ferment  and  evolve  a  great  quantity  of  pu- 
trid effluvia;  it  is  to  these  that  the  eastern  coasts  of  Af- 
rica, and  some  parts  of  America,  owe  their  pestilential 
climate.* 

In  every  country,  the  sky  has  a  different  aspect.  The  DiffiiraDt 
azure  arch,  which,  by  an  optical  illusion,  on  every  side  li-  thrsky?^ 
mits  our  view,  seems  to  be  lower  in  England  than  it  is  in 
Prance.  In  vain  does  the  Italian,  upon  the  borders  of  the 
Seine,  look  for  that  pore,  serene,  and  boundless  sky,  that 
atmosphere  of  clear  blue,  or  of  vivid  red,  which  so  much 
contributed  to  inspire  a  Raphael  and  Correggio. 

But  even  the  Italian  sky  is  cloudy,  in  comparison  of  that 
which,  in  summer,  canopies  the  blissful  islands  of  the  Pa- 
ciCc  Ocean,  that  paradise  of  the  toirid  zone.  It  is  to  the 
different  degrees  of  the  rarefaction  of  the  air,  as  well  as 
the  nature  of  terrestrial  exhalations,  that  we  must  attribute 
these  different  appearances  of  the  sky,  on  which  the  beauty 
of  a  climate  partly  depends. 

Man  exercises  a  slow  but  powerful  influence  upon  the  influence 
temperature  of  the  air.    Without  cultivation,  few  climates  ^^^^J  of* 
would  be  salubrious  and  agreeable.    Let  us  contemplate  a  nan. 
desert  country;  the  rivers,  abandoned  to  themselves,  be- 
come Qhoaked,  arid  overflow;  and  their  waters  serve  only  to 
form  pestilential  marshes.    A  labyrinth  of  thickets  and  of 
brand^les  overspreads  the  most  fertile  hills.    In  the  mea- 
dows, the  unsightly  wild  mushroom,  and  the  useless  moss, 
choke  the  nutritious  herbs ;  forests  become  impenetrable  to 
theraysof  the  sun;  no  wind  disperses  the  putrid  exhala- 
tions of  the  trees  which  have  fallen  under  the  pi*essure  of 

•  See  the  description  of  Africa,  vol.  iii. 
26 
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BOOK  age;  the  soil,  exdaded  from  the  genial  aad  pnrifyiag 
^^^^  warmth  of  the  air»  exhales  nothing  but  poiaons ;  and  an  at- 
""^""^  mosphere  of  death  gathers  oTor  the  whole  country.  But 
what  do  not  industry  and  perseverance  accomplisb  ?  The 
marshes  are  drained ;  the  rivers  flow  in  their  disencumber- 
ed channels;  the  axe  and  the  fire  clear  away  the  forests; 
the  earthy  furrowed  by  the  plough,  is  opened  to  the  rays  of 
the  sun  and  the  influence  of  the  wind;  the  air»  the  soil,  and 
the  waters,  acquire  by  degrees  a  character  of  salnbrity; 
and  vanquished  nature  yields  its  empire  to  man,  who  thus 
creates  a  country  for  himsdfl 
enciM^^'  The  cultivation,  however,  of  a  new  country,  is  often  at- 
new  couA-tmded  by  most  disastrous  consequences,  which  ought  not 
^^"-  always  to  be  imputed  to  the  improvidence  of  colonists.  The 
new  soil,  the  moment  that  it  is  broken  up  by  the  plou]|^ 
and  penetrated  by  the  rays  of  the  sun,  must  necessarily  on- 
dergo  a  strong  evaporation,  and  its  exhalations,  which  are 
not  always  of  a  harmless  kind,  little  elevated  in  the  air,  are 
condensed  by  the  cold,  which  still  continues  to  be  sharp, 
particularly  during  the  night  Hence  arise  those  epidemic 
maladies  which  ravage  colonies  newly  established.  The 
destruction  of  forests,  especially  when  carried  too  fai$  ia 
followed  by  pernicious  eSbcts.  In  the  Cape  de  Verde  Is* 
lands,  it  is  the  burning  of  the  forests  which  has  dried  up 
the  springs,  and  rendered  the  atmosphere  sultry.*  Persia, 
Italy,  Greece,  and  many  other  countries,  have  thus  been 
deprived  of  their  delightful  temperature.  The  cutting 
Aoyrn  of  the  forests  which  once  covered  the  Pyrenees,  has 
rendered  the  air  very  unwholesome  in  the  valley  of  Azun, 
in  the  department  of  the  Eastern  Pyrenees,  because  the  ab- 
sence  of  that  barrier  now  permits  a  free  passage  to  the 
southern  winds.  Similar  complaints  are  made  in  Castile 
and  Arragon. 
influencs  The  predominant  winds  of  every  country  variously  mo- 
nanrwhi^ti^y  the  united  influence  of  all  the  elements  which  con- 
stitute physical  climate,  and  which  we  have  just  been 

*  See  Africa,  Cape  de  Verd  Islands,  vol.  iii. 
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considering.    But  the  nature,  the  direction,  and  the  inten-    book 
sity  of  the  winds,  depend  upon  general  and  local  exposure,    ^^'^* 
the  neighbourhood  of  seas,  the  elevation  of  mountains,  and  — - 
other  circumstances.     Thus  the  causes  of  climate  form 
together  a  circle  of  which  we  can  point  out  neither  the  first 
Unk  nor  the  last    We  ought  not  to  characterize  the  physi- 
cal nature  of  winds  in  a  general  manner,  according  to  the 
points  of  the  compass  from  which  they  blow.    Hippocrates 
made  use  of  this  method,  but  confined  his  observations  to 
a  small  part  of  the  globe.    But  we  should  only  injure  the 
reputation  of  this  great  man  by  attempting  to  apply  his 
local  maxims  as  general  rules. 

All  the  variations  of  the  winds  depend  upon  the  equili-  General 
brium  of  the  atmosphere.  Hence  it  follows,  that  the  heat^^'j^'g^^'' 
of  one  climate^  and  tiie  cold  of  another,  exercise  a  continual  n&tura  of 
influence  upon  each  other.  The  northern  parts  of  a  great 
continent  will  sometimes  send  forth  their  cold  air  towards 
file  southern  parts ;  and  sometimes  they  will  receive  warm 
air  in  return.  The  great  facility  with  which  the  atmo- 
sphere is  put  in  motion,  does  not  permit  us  to  limit  these 
facte  to  particular  places :  the  whole  of  the  heat  and  cold 
whi^h  surrounds  the  globe,  is  in  a  state  of  constant  and 
umviersal  flux  and  reflux.  We  may,  therefore,  lay  down 
the  following  principles.  The  heat  of  the  torrid  zone,  and 
the  polar  cold,  balance  each  other ;  and  upon  the  fluctua- 
tion of  their  equiUbrium  depend  the  variations  of  heat  and 
cold,  which  ai^e  felt  in  the  temperate  zones.  All  winds,  in 
the  temperate  zone,  coming  from  the  neighbouring  pole, 
are  cold ;  and  all  winds  from  the  equator  are  hot,  with  some 
exceptions  occasioned  by  local  circumstances.  Thus  the 
8o«tbem  wind  cools  and  refreshes  the  environs  of  the  Cape 
of  Good  Hope^  whilst  the  northern  wind  has  the  same  ef- 
fect upon  Emnype.  A  land  wind,  if  it  passes  over  plains 
very  devated  and  open,  is  almost  always  cold  and  dry  in 
the  temperate  zones.  But  between  the  tropics,  if  it  blows 
over  plains  little  elevated,  and  covered  with  burning  sands,  * 

it  mast  be  dry  and  warm.    The  winds  which  arise  on 
numntains,  are  not  more  conformable  to  any  general  rule ; 
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BOOK  for  there  are  some  mountains  covered  with  ice,  iriiilit  upon 
^v^»*  others  there  prevails  a  remarkable  dampness:  the  vriAds 
from  these,  therefore,  will  possess  different  properties.  As 
to  winds  from  the  sea,  they  are,  almost  without  exceptioni 
damp,  and  charged  with  fogs  and  saline  vapours ;  and  as 
the  air  they  bring  with  them  is  always  either  hott^  or  colder 
than  the  air  upon  the  land,  they  constantly  occasion  tiiat  kind 
of  decomposition  of  atmospheric  vapours,  which  produoes 
rain.  It  follows,  then,  that  every  country  of  Hat  tempemti 
zone  which  is  separated  from  the  equator  only  by  a  great 
extent  of  contiguous  land,  has  necessarily  the  air  more  ha- 
bitually hot,  than  that  country  which  has  vast  seas  flowing 
between  it  and  the  torrid  zone.  On  the  contrary,  the  coun- 
tries of  the  temperate  zones,  which  have  extensive  tracts  of 
land  between  them  and  the  neighbouring  pole^  and  whidi 
are  separated  from  the  equator  by  seas,  will  have  a  dimato 
habitually  colder  than  other  countries  under  the  same 
latitude,  but  under  another  combination  of  local  dream* 
stances. 
ConM-  ^^  If  ^e  apply  these  different 'prindples  to  tibe  northern 
SieM^prin-  part  of  the  old  continent,  we  shall  see  that  the  enonnous 
cipies.  dinainution  of  heat  which  we  observe  as  we  advance  to- 
DimiDMtton  wards  the  East,  und^  the  same  latitudes,  is  in  a  great  mea- 
waiStUM  sure  owing  to  the  form  and  position  of  that  mass  of  eartk 
*^-  The  western  part  derives  warmth  from  being  in  the  neigh-* 
bourhood  of  Africa,  which,  like  an  immense  fumacey  distri* 
butes  its  heat  to  Arabia,  to  Turkey  in  Asia,  and  to  Europe. 
On  the  contrary,  Asia,  in  its  norUi-east  extremities,  expe- 
riences extreme  cold ;  partly,  because  on  that  side  it  has  do 
land  extending  towards  the  equator.  If  Greenland,  under 
the  60th  parallel,  notwithstanding  its  southern  exposure^  and 
the  neighbourhood  of  the  sea,  has  a  much  more  rqjorons 
qUmate  than  Lapland  under  the  7£d  parallel,  with  a  nerdi* 
em  exposure,  what  other  reason  can  be  assigned  for  tiiis 
phenomenon,  than  the  separation  of  Lapland  from  the  arc- 
tic region  by  means  of  a  vast  ocean,  whUst  Greenland,  gra- 
dually widening,  extends  probably  towards  the  pole^  or  at 
least  towards  the  82d  degree  of  latitude  i    North  America 
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has  few  tracts  of  land  situate  in  the  torrid  zone ;  it  has  little    book 
commiuiication  with  Soath  America^  and  it  stretches  ont    ^^'i* 
probably  to  the  north  of  Baflhi's  Bay  towards  Greenland.  — ^-*- 
This  qnarter  of  the  world  does  not  present  so  great  a  diflTe- 
rence  of  climate  as  Europe. 

There  results  also  from  our  principles,  a  general  conse-  East  and 
quence  as  to  the  countries  of  the  torrid  zone.    The  trade-  Yntht'llt^ 
winds,  by  blowing  continually  from  the  east  over  the  sea,  rid  zone. 
contribnte  to  render  all  the  maritime  coasts  on  the  eastern 
side  colder  than  fliose  coasts  which  look  to  the  west    On 
the  other  hand,  the  more  a  continent  extends  from  east  to 
west,  the  more  those  winds  are  heated  by  passii^  over  the 
lands  scorched  by  the  sun.    This  is  the  reason  why  the 
Antmesy  or  Caribbee  Islands,  enjoy  so  moderate  a  temper- 
atore,  whilst  Senegambia  is  a^icted  with  the  most  over- 
powerkig  heat  of  which  we  have  any  example.    Congo  also 
is  warmer  than  Zanguebar.    If  the  mountains  of  Peru  have 
a  colder  climate  than  Brazil,  it  is  because  tlie  elevation  of 
ground,  or  any  other  local  circumstance,  may  often  have 
sufident  influence  to  neutralize  the  efiPect  of  a  general  cause. 
Snch  are  the  different  causes  which  concur  in  forming  that 
general  constitution  of  the  atmosphere  which  is  termed  cli- 
mate.   We  may  perceive  that  the  results  of  so  many  dif- 
terent  causes  do  not  easily  admit  of  classification.    Hippo-  Ezamina- 
crates,  indeed,  has  attempted  this  with  regard  to  Greece,  ^nmrte^of 
He  takes  for  the  basis  of  his  arrangement,  exposure  and  Hippocra- 
viaib.    But  it  is  easy  to  prove,  that  his  four  climates,  ^*'' 
thoagh  actually  existing  in  the  places  where  he  observed 
ttam,  are  not  to  be  found  in  all  the  regions  of  the  globe, 
to  which  his  commentators,  possessing  little  of  his  genius, 
wish  to  extend  his  system. 

Hippocrates  commences  his  treatise  upon  air,  water,  and 
•itnafions,  by  an  explanation  of  the  object  which  he  has  in 
▼lew.  ^  It  is  necessary,'*  says  he,  *^  for  a  physician,  when 
catering  a  city  of  which  he  knows  nothing,  to  examine  its 
exposure,  the  predominant  winds,  the  seasons,  the  nature 
and  elevation  of  the  soil,  the  quality  of  the  waters  of  which 
tlie  inhabitants  make  use^  and  the  kind  gf  life  they  follow* 


climate. 
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BOOK   Now/'  continueB  be,  '<  I  am  about  to  abew  bow  we  oof^t 
XVII.    ^  investigate  and  aacertain  eacb  of  these  circumatanoea."* 

"  It  is  not  clear,  according  to  tbis'^hrase,  so  raguely  ren- 

dered by  all  translators,  that  the  intention  of  Hippocrates 
was  not  to  compose  a  treatue  upon  physical  clinsates^  tiie 
materials  for  which  were  not  ooUected  together  in  Us  time, 
but  that  he  meant  notliing  more  by  detailing  his  own  local 
observations  than  to  point  out  to  bis  successors  the  path  to 
be  followed  for  the  purpose  of  making  new  <me8 }  This 
modest  intention  of  the  author  has  been  overlooked,  or  at 
least  but  indistinctly  pointed  out  His  work  oontaias  ob- 
servations highly  interesting,  but  confined  exdoaively  to 
the  countries  which  extend  from  the  Sea  of  Azof  to  the 
mouth  of  the  Nile,  and  flrom  the  borders  of  the  Euphrates 
to  the  shores  of  Sicily ;  but  tbese  local  observations,  by  be- 
ing made  general,  have  been  converted  into  false  and  dan- 

Southerly  gerous  ones.  We  shall  here  produce  some  examples:  Hip- 
pocrates represents  to  us  <*  countries  entirely  exposed  to 
the  hot  winds  of  the  south,  as  necessarily  abonnding  ia 
brackish  and  unwholesome  waters ;  for  these  waters,  in  ge*^ 
neral,  not  being  deep,  are  warmed  in  summer,  and  cooled 
in  winter.'^  He  then  describes  the  maladies  which  will 
prevail  in  such  regions :  <<  The  inhabitants  have  heads  foU 
of  humidity  and  phlegm — ^they  are  destitute  alike  of  strength 
and  activity .''t 

These  observations  refer  to  the  southern  coasts  of  Oreeos 
and  of  Asia  Minor,  in  the  neighbourhood  of  the  jabud 
where  Hippocrates  was  born.  According  to  Mariti^  the 
whole  of  the  south  coast  of  the  island  of  Cypros  freqnen4]r 
experiences  an  unwholesome  state  of  the  atmosphere  | 
brackish  waters  are  in  abundance  there,  and  the  country  is 
very  unhealthy.  The  same  observations  hold  true  as  to 
the  coasts  of  Caramania,  or  ancient  Cilicia.  At  Satalis,  at 
Agas,  and  at  Adana,  the  bad* air  compels  the  inhrititaatB, 
during  summer,  to  retire  towards  the  mountains.   Apd 

*  2itMniv  MU  fi^An^w ;  literally,  to  look  for  and  bring  to  the  tett. 
t  Hippocratcii,  de  Aer.,  aquis,  locis,  *♦  9 — 14,  edit,  de  Coray. 
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why  is  the  sonfliem  exposure  of  fliese  countries  so  unwhole- 
some?    Straho  and  Quintus  Curtius  teU  us  Uie  reason.    ^^^ 
**  Because  Cilicia  is  a  narrow  plain^  bounded  on  the  nortli  " 

by  the  chain  of  Mount  Taurus ;  and  the  winds  which  flow 
fipom  the  south  being  reflected  by  the  mountains,  cause  sufib- 
cating  heat;  besides,  there  are  marshes  and  stagnant  ponds 
on  the  coasf  *  On  the  other  hand,  Cicero  informs  us,  that 
tike  snow  rendered  the  passage  of  Mount  Taurus  difficult 
before  the  montii  of  June.t 

This  is  the  reason  why  the  tempa*ature  of  the  air  and  of 
the  waters  of  Gilida  experience  variations  too  great  not  to 
be  hurtful.  This  observation  undoubtedly  admits  of  being 
apfdied  to  otiier  countries  where  the  same  combination  of 
drcnmstances  takes  place ;  the  southern  wind  is  known  to 
be  generally  damp,  hot,  and  unwholesome,  upon  the  shores 
of  the  Mediterranean.  In  the  island  of  Lesbos,  accordii^ 
to  Yitruvius,  southern  winds  often  cause  epidemic  com-> 
plaints :  in  Attica,  they  once  occasioned  the  plague.  Yirgil 
describes  them  as  winds  ^^  whose  damp  breath  is  injurious 
to  orchards,  com,  and  flocks."^^ 

Let  us  extend  this  general  character  to  the  coasts  of  tiie 
Gttlph  of  Persia.  The  southern  winds  there  bring  on  tiie 
runy  season,  and  sufibcating  heat  At  Susa,  says  Strabo^ 
the  inhabitants  dare  not  expose  themselves  to  the  heat  of  the 
sun  in  the  middle  of  the  day.  At  Bassora,  acc(»tUng  to  Ot« 
t^,  the  southern  wind  paralyzes  all  the  strength  of  tbe  hu* 
man  body. 

But  let  us  pass  to  the  opposite  coast  of  Africa.    Aris*  Contrary 
totle,  in  his  day,  knew  that  the  southern  winds  are  often  ^'^"^  '* 
cold,  and  always  dry  there,  because  they  blow  from  Mount 
Atlas.$    At  -Paris  too,  we  have  southern  winds  charged 
with  the  atmospheric  cold  of  the  mountains  of  Auvei|;ne» 

*  Strab,  Georg.  XIV.  260.  Casaub.  Atreb.  Quint.  Curt.  III.  c.  9—11. 
t  Cicer.  Epist.  ad  Famil.  XV.  4. 
X  Virg.  Georg.  I.  443.  Bucol.  II.  57.  Vitruv.  i.  cap.  6. 

I  Aristou  Problemat.  xxvi,  16 — 51.  Comp.  Aulns  Gellius,  xyi.  U,  LucaOy 
fliarsaU  ix.  447,  iqq. 
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These  same  winds  are  Tery  cold  in  Saabia  and  in  BaYiria, 
XTii.    fo,,  they  pass  over  the  Alps.    Everywhere  winds  are  modill- 
fied  according  to  the  nature   of  the   places   over  which 
they  blow. 

We  do  noty  however^  stand  in  need  of  these  examples. 
Does  not  Hippocrates  himself  immediately  add,  ^  Bat  even 
amongst  those  towns,  (exposed  to  the  hot  southern  winds) 
such  as  are  very  much  open  to  the  sun  and  to  the  winds, 
ought  to  experience  these  disagreeable  alternations  in  a  less 
degree.  In  fact,  Tarsus  in  Cilicia,  notwithstanding  its 
southern  exposure,  furnished  an  example  of  wholesome 
climate,  and  limpid  waters.* 
VottiMn  The  Northern  climate  of  Hippocrates  is  not  more  univer- 
^  ^'  sal  than  that  which  we  have  been  considering.  Winds  from 
ttie  north  at  Archangel,  and  atDantzig,  bring  humidity,  and 
are  less  cold  than  the  soufliem  winds.! 

These  variations  in  the  nature  of  winds  do  away  with  the 
other  consequences.    A  proof  of  this  is  to  be  found  in  tbe 
Spanish  peninsula,  under  the  same  latitude  as  northern 
Oreece.    The  Asturias  are  exposed  to  the  north ;  the  cli- 
mate is  cold,  but  extremely  damp.    The  prevalent  diseases 
are  a  species  of  leprosy,  dysenteries,  scrofulous  swellingSy 
and  others  of  that  kind  which  the  father  of  medicine  at- 
tributes to  southern  exposures. 
lEMtem         The  resemblance  which  Hippocrates  endeavours  to  esta- 
blish between  the  southern  and  eastern  climate,  is  also  un- 
founded as  to  western  Europe^  where  the  south  winds  more 
generally  resemble  tliose  from  the  west  in  humidity  and 
mildness ;  whilst,  on  the  contrary,  the  winds  from  the  east 
are  evidently  colder  even  than  tiiose  from  the  northi  be- 
caqse  these  east  winds  come  to  us  over  central  Russis^ 
theUralian  mountains,  and  the  confines  of  Siberia.    The 
catarrhal  affection  which  was  prevalent  in  1782,  was  gene- 

<*  Dio  CbrysoitoiDi  Qrat.  de  Tano. 
t  Kant,  Geographic  Pbyiique,  iii.  Part  ii.  p.  110. 
t  Casali,  Annalef  dei  Voyages,  t.  vUi.  p.  76,  sqq^    Thnnry,  ObaerfrMedi 
calei  8ur  TEspagnt. 
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nDy  ascribed  to  the  severe  cold  suddenly  brought  on  by  an   book 
eastern  wind.  xrom 

We  are  equally  unwilling  to  admit  the  theory  of  Hippo- 
crates  with  respect  to  western  climates*  **  Every  nation/'  dinato. 
says  he,  *'  exposed  to  the  western  windSf  has  an  unwhole- 
some climate,  the  waters  which  they  drink  are  not  limpid, 
because  the  morning  fogs  mingle  with  them  before  the  sun 
has  had  time  to  dispel  them.  Secondly,  The  inhabitants  of 
th^e  places  are  exposed  to  sudden  changes  of  temperature ; 
for,  in  the  summer  mornings,  cool  winds  blow,  and  dews 
iall.  In  the  afternoon,  the  heat  torments  them ;  they  have 
a  pale  complexion,  and  a  feeble  constitution.  Breathing  al- 
ways a  thick  and  unwholesome  air,  their  voice  becomes  rough 
and  hoarse.  The  west  presents  to  us  the  image  of  autumn ; 
the  people  who  live  under  this  climatological  constitution^ 
should  participate  in  the  maladies  of  the  inhabitants  of  the 
north  and  south.''  A  commentator  adds,  '<  They  will  join 
tiie  ferocity  of  the  natives  of  the  north,  to  the  fickleness  of 
those  of  the  south." 

All  these  observations  of  Hippocrates,  though  sound  and 
just,  when  properly  restricted,  become  puerile  and  absurd 
when  they  are  extended  into  general  rules. 

Who  are  there  that  lie  more  to  the  west  than  the  Porta-  ObjeeUont. 
guese  ?  Have  they  therefore  a  raw  and  hoarse  voice  ?  On 
the  contrary,  their  language  is  infinitely  softer  than  that  of 
ike  Spaniards.  Is  the  air  which  is  breathed  in  Portugal 
thick  and  unwholesome  ?  So  far  from^  it,  that  the  English 
send  tluther  their  invalids  to  recover  their  health.  Look  to 
the  Irish,  who  are  continually  exposed  to  storms  from  the 
west;  have  they  a  pale  complexion  i  On  the  contrary,  a 
natr?e  of  Ireland  may  be  distinguished  by  the  freshness  of 
Us  looks. 

Has  Hippocrates  then  advanced  assertions  which  are  ut- Local  es- 
terly  false  ?   We  disclaim  the  thought  of  bringing  forward  *'"P^*' 
such  an  accusation.    But  he  meant  to  speak  only  of  certain 
countries  of  Greece,  and  his  observations  are  just  and  pro- 
found when  they  are  thus  locally  interpreted. 

All  the  western  coasts  of  Illyria^  of  Epirus^  and  of  the 


412  BOOK^TEHTESirrS* 

BOOK    PeloponnesiiSy  have  in  fact  that  inconataiit  climate  which 

XTii.    Hippocrates  compares  to  autamn.    There  the  west  wind  of- 

'■"*"""""  ten  brings  rain  and  fogs  5  and  even  in  our  days  the  impeto- 

ous  and  baneful  west  wind,  of  whidi  Homer  so  often  sings, 

is  still  felt  in  these  regions.* 

The  Eliansy  according  to  Strabo,  Hesychius,  and  Ensta- 
thiusy  had,  of  all  the  Greeks,  tiie  rudest  pronunciation;  that 
nation  and  their  colonies  often  inserted  a  canine  letter  (r) 
where  the  other  Greeks  put  none,  they  said  heror  or  her  in- 
stead of  Heros^i 

The  Etolians  probably  spoke  still  worse,  their  ferocity 
besides  is  well  known.    Polybios  and  Thucydides  consider 
them  as  semi'4Hirbarians4    Lastly,  the  inhabitantB  of  fte 
island  of  Zante,  according  to  Scrofani,  have  a  pale  complex- 
ion.   The  western  Oreel»  were  in  general  not  so  tall  as 
Ihose  of  the  east  and  the  north.    Ulysses  was  called  by  the 
Etrurians  the  ivandering  dwarf. 
Principief      Thus  are  the  observations  of  Hippocrates  justified ;  and 
ofciassifi-  this,  we  presume,  is  the  true  way  of  reading  and  explaining 
fOimaUf .    an  ancient  author,  by  comparing  him  with  other  writers  who 
were  his  cotemporaries,  or  his  countrymen.    The  critical 
examination  of  ttie  four  climates  of  Hippocrates  should  con- 
vince us  of  the  impossibility  of  founding  a  classification  of 
tmiperatures  on  the  principle  of  the  eau$t$  which  produce 
tiiem,  since  every  one  of  these  causes  varies  with  geographic 
cal  circumstances.    It  is  by  considering  the  principal  com- 
binations of  the  properties  which  characterise  climates,  that 
we  can  classify  them  in  a  general  manner.    Heat  and  cold 
•  may  be  accompanied  with  humidity  and  dryness ;  froin  tiieoce 
there  results  four  principal  climates. 
Hot  and        We  have  first  the  hat  and  dry  climate.    Such  Is  in  aa 
day  c|>-     extreme  degree  that  of  the  deserts  of  Sahara  and  of  Ara- 
bia.    The  earth  beneatii  is  scorching^  the  sky  above  is  on 
fire;  even  the  brackish  water  is  scarce  and  valuable  ad 
gold ;  plants  languish  for  want  of  nutriment;  the  men  and 

•  Homftre,  Odyss.  v.  295. ;  xii.  989. ;  xW.  458. 

t  Strab.  X.  308.    Hesychlus,  in  voc«,  Eretria,  Eustat.  ia  lUtad.  li.  27$. 

X  Polybiusy  XTil.  p.  476,  edit.  Casmub.    Thucydides,  HI  chap.  94. 
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attimab  indeed  are  strong  and  brawny,  but  few  in  nam-    book 
ber;  olive  complexions  and  bilious  temperaments  prerail    ^^'i* 
amongst  the  natives  of  these  countries.    Their  ferocious 
and  sanguinary  dispositions  ^rrespond  to  the  character 
nnder  which  nature  has  appeared  in  these  dreary  and  inhos- 
pitable regions. 

The  hot  and  humid  dimate  prevails  in  Bengal,  in  Meao-  Hot  and 
potamia,  in  the  coasts  of  Zanguebar,  Senegambia»  Ooayanat  mate?  ^^^* 
and  Panama;  these  countries  enjoy  the  verdure  of  perpe- 
taal  spring ;  and  furnish  the  mosi  gigantic  productions  of 
the  v^etable  kingdom;  but  there  also  reptiles  of  unwieldy 
kngth  wallow  in  the  mud  of  marshes,  steaming  with  pesti- 
knee;  fliere  man,  robust  in  his  frame  of  body,  propagates 
vith  rapidity,  but  his  moral  character  is  sunk  almost  as 
low  as  that  of  the  brutes.    The  deep  swarthy  skin,  and 
tbe  ^egmatic   temperament  belong  peculiarly  to  these 
coantries.    The  cold  and  dry  climate  supports  a  hardy,  coid  and 
tboogh  certainly  not  a  profuse  vegetation ;  the  waters  are  ^fj ^'* 
generally  pure  but  hard ;  animals  and  men,  respiring  more 
oiygen,  are  strong,  active,  and  healthy ;  the  moral  and  the 
physical  part  are  in  a  state  of  equilibrium.    They  propagate 
slowly   but   with  regularity;  the  sanguine  temperament, 
and  the  white  skin,  are  characteristic  of  this  climate,  which 
comprehends  the  greatest  part  of  Europe  and  of  Asia. 

The  arid  and  humid  climate,  in  its  extreme,  such  as  iscoidanii 
eiperienced  in  Siberia,  and  to  the  north  of  Canada,  enve-  ^^^  *"' 
lops  the  atmosphere  with  unwholesome  fogs,  and  reduces 
^^tation  to  a  few  cheerless  stunted  shrubs,  and  to  creep- 
ing moss.  The  animals  are  covered  with  a  thick  fur,  un- 
der which  they  remain  torpid  one-half  of  the  year.  Man 
himself  tall,  but  weak  and  sluggish,  thinks  only  of  defend- 
ing hb  physical  existence  against  the  unkindness  of  nature. 
The  red  copper-coloured  skin,  and  the  melancholic  tempe- 
lument,  seem  to  be  the  native  growth  of  such  a  climate. 
By  unfolding,  in  this  manner,  the  views  of  the  celebrated 
philosopher  Kant,*  our  design  has  been  only  to  exhibit  a 

Memoir  upon  the  four  principal  constitutions  of  the  human  race,  in  the 
coUtction,  entitled,  Mundane  Philosepher  by  Engel.  (in  German.) 
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BOOK    sketch  of  the  combinations  of  extreme  temperatures,  and 
^^'*    their  most  probable  effects.    We  admit,  that  the  four  prin* 
"^"""'  cipal  climates  are,  perhaps,  no  where  to  be  f«und  without 
ModtSca-  some  modifications,  which  alter  their  nature.    These  modi- 
u^^.  feations  are  of  two  kinds;  the  one  kind  arises  from  a  succes- 
sion of  two  different  climates  in  the  same  region ;  the  other  is 
owing  to  the  more  or  less  elevated  degree  of  anj  of  the  four 
qualities  which  constitute  climate.    It  is  these  modiAcatkms 
which^  in  opposition  to  the  system  of  Hippocrates,  can  en- 
title any  climate  whatever  to  the  appellation  of  tempenOef 
since  the  true  sense  of  this  term  denotes  an  atmospherical 
oonstitulion  in  which  the  hot,  the  dry,  and  the  humid,  are 
equally  moderated  by  each  other.    Thus,  in  Egypt,  the 
succession  of  humid  heat^  during  an  inundation,  and  of  dry 
boat  for  the  remainder  of  the  year,  tempers  a  climate, 
which,  without  either  alternative,  would  be  insupportable. 
Thus,  the  Dutch  see  with  pleasure  the  dry  cold  succeed  the 
humid  cold,  which,  of  itself,  would  render  their  coontrj 
extremely  insalubrious*    At  other  times,  the   snccesnon 
taking  place  too  rapidly,  or  the  two  temperatures  being  too 
remote  the  one  from  the  other,  the  climate  is  rendered 
more  disagreeable  than  if  one  uniform  temperature  conti- 
nued.   It  is  thus  that  the  inhabitants  of  Astrachan,  and  of 
some  other  towns,  feel  in  summer  the  heat  of  Africa,  and 
in  winter  the  cold  of  Siberia.    These  atmospherical  con- 
stitutions are  also  modified  by  the*  solar  climate ;  thosr 
the  dry  heat,  which  renders  Sahara  almost  inaccessible,  be- 
comes, at  Madrid  or  at  Marseilles,  a  temperature  very  suit- 
able to  man.    The  baneful  effects  of  humid  heat,  are,  in  like 
manner  weakened,  as  we  recede  from  the  equator.    On  ike 
other  hand,  we  find  the  cold,  dry  or  damp,  more  and  more 
supportable  as  we  advance  from  the  pole  towards  the 
tropics.     For  example,  at  Bergen  in  Norway,   and  at 
Brest  in  France,  there  is  always  the  same  constitution  of    | 
wintw  rendered  variable  and  humid  from  the  vicinity  of  an 
ocean  which  never  freezes.     But  how  great  is  the  difference 
in  tlie  intensity  of  the  cold ! 
These  observations  upon  the  true  aicceptation  of  the  word 
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climate  naturally  lead  us  to  take  a  general  view  of  the  dif«  book 
ferent  temperatures  of  the  five  zones  into  which  we  are  xyu. 
accostomed  to  divide  the  globe.  — — — 

The  torrid  %Qnt  experiences  only  two  seasons^  the  one  Tempera- 
ilrjfy  and  the  other  rain^.^  The  former  is  looked  upon  as  tolridtoaS! 
the  sanuner^  the  latten  as  the  winter  of  these  climates ;  bat 
they  are  in  direct  opposition  to  the  celestial  winter  and  sum* 
mer^^-for  the  rain  always  accompanies  the  sun,  so  thatt 
when  that  luminary  is  in  the  northern  signs^  the  countries  to 
the  north  of  the  line  have  their  rainy  season.  It  appears 
that  the  presence  of  the  sun  in  the  zenith  of  a  country^ 
continually  heats  and  rarefies  its  atmosphere.  The  equili- 
brium Ib  every  moment  subverted,  the  cold  air  of  countries 
nearer  the  poles  is  incessantly  attracted,  it  condenses  the 
vapours  suspended  in  the  atmosphere,  and.  thus  occasions 
ahnost  continual  rains.  The  countries  of  the  torrid  zone 
where  no  vapours  rise  into  the  air,  are  never  visited  by  the 
rainy  season. 

Local  circumstances,  particularly  high  chains  of  moan- 
tarns,  which  either  arrest  or  alter  the  course  of  the  mon-* 
Boons  and  the  winds,  exercise  such  influence  over  the  phy« 
deal  seasons  of  the  torrid  zone,  that  frequently  an  interval 
of  not  more  than  several  leagues  separates  summer  from 
whiter.  In  other  places,  there  are  two  rainy  and  two  dry 
seasons,  which  are  distinguished  by  the  names  of  grtat  and 

The  heat  is  almost  always  the  same  within  10  or  15  de-  Diflerenw 
{roes  of  the  equinoctial  line;  but  towards  the  tropics,  we  equatorial 
fed  a  difference  between  the  temperature  which  prevails  at  *"5*  *»?p»- 
the  moment  the  sun  is  in  the  zenith,  and  that  which  obtains,  ^*  "•'**^ 
when,  in  the  opposite  solstice,  the  solar  rays  falling  under 
^  angle  of  more  than  4r  degrees.    We  may  therefore, 
with  Polybius,  divide  the  torrid  zone  into  three  others* 
The  equatorial  Kontf  properly  so  called,  is  temperate,  com- 
pared with  the  %oM  of  the  Tropic  of  Cancer f  composed  of 

*  Varen*  Gfo^aphie  G^nCrale,  cb.  xsxt'i.  propos.  10.  »qq,  Bergmann, 
^%'  Pbysi^ue^  k  143. 
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the  liottest  and  lewt  habitable  regioiis  of  the  earth.  The 
^^^^  greatest  natural  heat  ever  observedy  which  is  35  degrees  of 
Reaumur,  (111''  Fahr.)  has  been  at  Bagdad,  at  33  d^;rees 
of  latitude.  The  %one  of  the  Tropic  of  Caprieom  contains 
bat  little  land,  hut  it  i^pears  to  experience  momentarj  heats 
of  extrenw  intensity. 

Most  of  the  ancients,  disregarding  the  obaerratioD  of  Po- 
lybiuSf  conceived  that  the  heat  continued  to  increase  from 
the  tropic  towards  the  equator.  Hence  thcj  concluded  that 
the  middle  of  the  zone  was  uninhabitable.  It  is  now  as- 
certained that  many  circumstances  combine  to  establish  even 
there  a  temperatnre  that  is  sopportable.  The  clouds ;  the 
great  rains ;  the  nights  naturally  very  cool,  their  durotioB 
being  equal  to  that  of  the  days;  a  strong  evaporatioD ;  the 
▼ast  expanse  of  the  sea;  the  proximity  of  very  hi|^  iBoan- 
tains,  covered  with  perpetual  snow;  the  trade  winds,  and 
the  periodical  inundations,  equally  contribute  to  diminish 
the  heat  This  is  the  reason  why,  in  the  torrid  zoo^  we 
meet  with  all  kinds  of  climates.  The  plains  are  bomt  up 
by  the  heat  of  the  sun.  All  the  eastern  coasts  of  the  great 
continents,  fanned  by  the  trade  winds,  eiyoy  a  mild  tempe- 
rature. The  elevated  districts  are  even  cold;  the  valley 
of  Quito  is  always  green ;  and  perhaps  theinterior  of  Africa 
contains  nmre  than  one  region  which  nature  has  gifted  with 
the  same  privilege. 

Nothing  equals  the  majestic  beauty  of  the  summer  in  tbe 
torrid  zone.  The  sun  rises  vertically — it  traverses  in  an 
instant  the  burning  clouds  of  the  east^  and  fills  the  heavens 
with'  a  light,  whose  effulgent  splendour  is  unobscured  by  a 
sii^le  shade.  The  moon  shines  here  with  a  mwe  briUiaBt 
lustre,  Venus  blazes  with  purer  and  more  vivid  rays,  and 
the  milky  way  glitters  with  augmented  brightness.  To  this 
magnificence  of  the  heavens,  we  must  add,  the  serenity  of 
the  air,  the  smoothness  of  the  waves,  the  luxuriance  of  ve- 
getation, tbe  gigantic  forms  of  plants  and  animals,  aU  na- 
ture more  grand,  more  animated,  and  yet  less  inconstant 
and  less  changeable. 
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Ute  temperate  zones,  on  tiie  other  band,*  are  indemni-    Booic 
Ced  hj  the  mild  and  varied  charms  of  spring  and  autumn,    ^^^^* 
by  the  moderate  heat  of  summer,  and  the  salutary  rigourii  of 
winter.    This  succession  of  four  seasons  is  not  known  be-  The  tcmpe- 
yond  the  tropic,  nor  towards  the  poles.    Even  that  part  of  '"•  **~' 
the  northem  temperate  zone  which  lies  between  the  tropic 
and  Oe  S5th  degree  of  latitude,  in  many  places  resembles 
the  t6nrid  zone.    Until  we  come  towards  the  40th  degree, 
the  frost  in  the  plains  is  neither  intense  nor  of  long  dura- 
tion— ^it  is  equally  unusual  to  see  snow  fall  there,  tbougli 
unquestionriily  it  is  not  true,  that  when  a  fall  of  snow  does 
take  place,  the  ladies  of  Rome  or  of  Naples  leave  the  thea- 
tre to  enjoy  sa  extraordinary  a  spectacle,  or  that  the  Acade* 
micians  run  out,  with  their  glasses  In  their  hands,  to  ex- 
amine this  singular  phenomenon.    Elevated  countries  feel 
all  tiie  rigour  of  winter — and  the  trees  even  in  the  plains 
lose  their  foliage,  and  remain  stripped  of  verdure  during 
the  months  of  November  and  December. 

It  is  from  the  40th  to  the  60th  degree,  that  the  succes-  The  mon 
sion  of  the  four  seasons  is  most  regular  and  most  percep-  ctinMUes!* 
tibk,  without  however  endangering  the  health  of  man: 
And  it  is  within  these  latitudes,  that  we  must  look  for  the 
nations  that  are  most  distinguished  for  knowledge  and  civi-  / 
lizafion,  and  those  who  display  the  greatest  courage  by  sea 
aad  by  land.  It  would  appear,  that  in  countries  where 
there  is  no  summer,  the  inhabitants  are  destitute  of  genius, 
or  at  least  of  intelligence  and  taste ;  while  in  those  regions 
whore  th^re  is  no  winter,  true  valour,  constancy,  and  loyal- 
ty, as  wen  as  other  civil  and  military  virtues,  are  almost 
unknown.  But,  let  us  remember,  that  it  is  man  himself, 
who  has  in  a  great  measure  created  these  salubrious  cli- 
mates;— France,  Germany,  and  England,  not  more  than 
twenty  ages  ago,  resembled  Canada,  and  Chinese  Tartary, 
countries  situated,  as  well  as  our  Europe,  at  a  mean  dis- 
tance between  the  equator  and  the  pole. 

*  Bergmano,  Geographic  Physique,  (  144. 
vol.  I.  27 
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Boo^       Beyond  the  60th  degree,  wd  m  f«r«8  ttM7«l^(which 
^"^^^   UMpean  to  be  the  Kmit  of  tlie  habitaUe  etftti  in  the  nortii- 
r^^^     ^  ern  hemiepberey)  oaly  two  seaaoBS  are  geMndljr  knowB;  a 
Om^^mb  l<Mig  and  rigorous  wiater,  sucoeeded  oftes  suMoaly  by  iih 
v*^-        eoH^wtable  beats.    Tbe  power  of  tbe  solar  beawflj  tbe^gh 
feeble,  frosi  tbe  obliquity  of  tbeir  difiectioBf  «a9vaalatii 
during  tbe  days,  which  are  extremely  loai^  aad  prsduca 
eflbcts  whidi  might  be  ei^eeled  only  in  the  torrid  noae^ 
There  have  been  examples  of  fwBsts  baying  been  set  on  fir^ 
ind  ci  tbe  pitch  melting  on  the  sides  of  ships.    Jn  winteri 
an  the  contrary^  brandy  has  been  frozen  in  heated  rssBi  ; 
n  crust  of  ice  has  coyeiwd  even  the  sheets  of  the  bed;  tke 
earth  has  been  found  frozen  to  the  depth  of  100  Cset;*  sad 
■lercury,  congealed  in  tbe  thermomettr*  leaves  tbe  degree 
of  cold  indeterminate.     I  ^eak  here  of  extreme  ciaaB» 
imd  of  the  none  in  general.    For#  in  some  plaoest  a  soaftp 
em  exposure,  and  the  neighbourhood  of  the  ooeari»  aofim 
tbe  climate  to  an  almost  incredible  degree.    BevgsBi  in 
Norway,  and  the  whole  of  the  adjoiniqg  coast,  betweea  60 
and  fin  degrees  of  Intitude^  has  a  very  rainy  winter^  M 
seldom  snow  or  frost— that  season  of  the  year  is  there  \m 
rigoroiifl,  and  requires  leas  fuel  than  at  ihracima,  or  Fr^gu, 
or   Vknma,  in  Juitria,  between   tbe  48th  and  ^Mh  d^ 
grees  of  latitude.    The  fHgid  zone  enjoys  an  atampberic 
calm  which  is  unknown  in  temperate  rcigi<ms— ii  his  m 
storms,  no  hail,  scarcely  a  tempest-4be  apleodoars  of  the 
aurora  borealis,  relected  by  tbe  snow,  dispels  the  darknees 
of  the  polar  night    The  days  for  sereral  months^  tboigb 
of  a  monotonous  magnificence,  astonishingly  accelerate  the 
growth  of  vegetation.    In  thi«e  days,  or  ndfaer  three  tinei 
twenty-four  hours,  the  snow  is  melted,  and  the  flowefs  be- 
gin to  blow. 
Tbegroac-      The  succession  of  physical  zones  is  not  equal  in  the  two 
tbl  wuth!-  lwmiflVh«res.    When  speaking  of  the  ice  of  the  sea,  we  ok-  ^ 
fll!.^"^  served,  that,  in  the  arctic  seas,  we  scarcdy  meet  with  the 
large  floating  masses  before  we  arrive  at  the  70th  degm 
nor  the  stationary  fields,  until  towards  the  75th  or  80th  de-  j 

♦  Gmelin,  V«yag«  en  SiWrije. 
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(msef  lalitttde}  wrhiU,  in  Iko  antarctic  seas^  both  occwat 
flM  so  to  <a  degrees  of  asutiieni  latitude,    in  the  island   ^u- 
orTenrndel  Faago»  in  that  oT  Sandwich,  and  in  several    ' 
olhm  8ltiia«Ml  towards  the  Mth  and  59th  degrees  of  sooth 
htttade^  the  nuMintalas  area  ia  the  soathemsantner  rmain 
covirtd  with  snow  quite  to  the  shores  of  the  sea.^ 

This  dimlnatloR  of  heat  appears  to  cease  all  at  once  h»- 
taeea  the  SOth  and  40th  degrees  of  latitade;  for  hot 
wiads  arhe  from  the  interior  of  New  HoHand,  whilst  the 
mountains  of  Yan  Dieman's  Land  remain  coTwed  with  per- 
piM  snow  }t  thus  there  is  fdt  in  these  latitades  the  most 
aridea  tranaitIsM  f^m  a  sullbcating  heat  to  a  Terj  sensible 
eollt 

ABtroaomom^  seem  to  ascribe  thb\:ontrast  solely  to  the  DiSbniit 
iborterMqr  which  the  sun  makes  in  the  southern  signs ; ''P^'''"'* 
Alt  is  to  say,  to  the  greater  rapidity  of  the  earth^s  motton 
when  it  ia  in  its  peribeliom.  The  sun's  stoy  is  7  days  and 
18  hsan  shorter  in  the  meridionid  than  in  the  northern 
ligu.  Bat  Ae  difference  pitidaced  by  this  cause  woald  be 
mljr^V'  while  the  actaai  existing  difference  is  nearly  ^ 
The  theory  of  radiant  heat  has  fbmished  another  explana- 
ties;  and  an  attempt  has  been  made  to  demonstratoi  that  in 
>  girea  tisM^  the  southern  hemi^here  gives  out  a  greater 
qvuHlty  of  ito  own  constant  heat  than  the  nortbern.||  But 
tUs  cause  shooM  not  all  at  once  cease  to  act  towards  the 
40tti  degree*  It  is  necessary,  therefore,  to  search  upon  fi>r 
the  cease  of  1Mb  phenomenon  in  the  earth  itself. 

The  vast  extent  of  tiie  antarctic  seas,  the  total  absence  of  cauMs  of 
any  great  extent  of  land,  and  the  fiwm  of  the  continsnto  ^»  p^»~- 
whidi  terminate  towards  the  south,  almost  in  points,  open 
a  free  and  nnincambered  field  to  the  currents  from  the  po- 
Itt  seas ;  and  allow  them  to  push  forward  the  icy  masses  in 

*  Foster,  Gook»  Palrjrmpl*,  ftc. 

t  P^,  VoyagjB  Mi^  Turret  Auttrales,  ii.  (in  edit.) 
X  lAbiUardiere,  Voyage  k  la  recherche  de  Fa  P6rouse,  ii.  27. 
I  Mairaa,  Mim.  de  TAcadCmie,  176o,  p.  174.    JEpiuui,  Cogitat.  de  Distr'i- 
^'it'Ctlor.pertellurem. 
H  PreTost,  Bor  le  ealorique  rayonuant,  p.  328,  sqq, 
27 
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BOOK  every  directioii  from  the  sovHi  pcde  to^rards  tte  aoiilhern 
xm*  tempenite  zone.  There  oome  of  them  aocttmokte^  and  are 
etppped  by  getting  oiteagled  with  each  other ;  mmaaCtbem 
are  hindered  from  adyancing  ftirther  by  the  force  dT  the  {&• 
neral  moyement  of  the  ocean  towards  the  west^  whidi  mad 
now  be  yery  peroeptihle;  and  some  of  them  melt  by  the  ac- 
tion of  the  solar  heat,  which  most  be  oonsiderahle  at  50  de- 
grees, although  it  has  but  little  effect  open  the  fliermomeliri 
becanse  the  ice  in  melting  absorbs  it  the  moment  it  as  diihft- 
ed  throuf^  the  air* 

Asttereisno  jioMditmi^where  the  motion  of  the  pdir 
waters  towards  the  equator  sti^Sy  and  changes  into  tte  ge- 
neral motion  towards  the  west,*  ttis  change  d^ending  on 
the  influence  of  seyeral  local  and  temporary  caosesi  as  little 
will  there  be  any  determinate  bonadary  for  thesovtheni ioe. 
Acoordinglyy  navigators  have  sometimes  met  with  entire 
and  flxed  islands  of  ice  towards  the  50th  Atignd,  and  MOie^ 
times  they  have  advanced  10  degrees  nearv  the  souOen 
pole^  and  met  only  with  floating  pieces.    These  variatioiii 
of  flieir  latitude^  under  the  same  nmridiany  seem  to  estabM 
our  ezplanatton :  it  seems,  indeed,  impossible  to  assign  tny 
other  sufficient  cause  than  the  action  of  the  polar  cnrrwtk 
These  laoveable  nmsses  of  ice,  propelled  on  all  sides  to- 
wards the  tropic  of  Capricorn,  are  stopped  in  thdr  progress 
only  when  tiiey  meet  with  currents  whi|^  set  to  the  west,  and 
which,  as  they  draw  them  along^  impart  to  them  a  cmnpoand 
motbn — a  motion  which,  being  omstantly  modifled  by  the 
equatorial  current,  makes  them  describe  a  spiral  line  nntil 
they  melt    They  thus  enter  unexpectedly  into  a  zone  otiwr- 
wise  temperate^  where  their  presence  causes  these  sadden 
transitions  from  heat  to  cold,  and  those  extensive  fogs^  which 
are  spoken  of  by  navigators. 
QuantUy       In  adopting  this  explanation,  we  are  under  no  necesntj 
loi^ti^!^  of  supposing  the  ^ptantity  of  southern  ice  to  be  so  enor- 
mous as  it  would  be  according  to  any  otiier  bypotfaeBia; 
for  upon  our  principle,  this  ice,  which  appears  towards  the 

*  Sec  Book  xiv.  p.  335,  337,  et  seq. 
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50fli  and  60ih  degrees  of  latitade,  would  from  bat  a  very    book 
small  part  as  to  quantity  when  compared   with  a  single    ^^'i* 
mass  of  fixed  ice  around  the  pole,  indeed  they  would  con-       " 
slat  of  only  a  girdle  or  belt  of  variable  thickness,  behind 
which  there  might  be  found  vast  expanses  of  sea,  which 
from  time  to  time  would  contain  no  ice. 

The  Hieory  of  physical  climate  suggests  still  anotiier  Whether 
inqairy :  Can  we  admit  a  change  in  the  direction  of  the  JemS«r** 
terrestrial  axis  i  This  enquiry  is  highly  interesting,  not  ture  of  the 
only  to  geographers,  but  to  the  whole  of  the  human  race,  f ban^es. 
Withoat  the  obliquity  of  the  ecliptic,  without  that  angle 
of  inclination,  which  exists  between  the  plane  of  its  diurnal 
solation  and  the  plane  of  its  orbit,  there  would  be  no  ine« 
quality  between  tiie  days  of  winter  and  summer,  and  no 
change  of  seasons  as  far  as  that  depends  upon  celestial 
causes ;  the  equator  would  be  still  more  constantly  heated 
than  it  is  at  present,  and  we  should  perceive  the  heat  di* 
minish  on  both  of  its  sides  in  a  very  rapid  progression ; 
each  climate  would  have  an  invariable  temperature,  which 
would  be  that  of  its  present  spring  and  autumn,  but  very 
probably  somewhat  lower.  The  earth  would  then  be 
scarcely  habitable  beyond  the  45th  or  50th  degree  of  lati- 
tude. Here,  then,  would  be  that  eternal  spring  which 
tilie  poets  wish  us  to  deplore  the  want  of.  Many  philoso- 
phers and  astronomers  entertain  the  opinion  that  the  eclip- 
tic and  the  equator  actually  tend  to  coincide.  The  ancient 
astronomers  found  the  obliquity  of  the  ecliptic  to  be  24 
degrees.  Eratosthenes,  250  years  before  Christ,  found  it 
to  be  23  degrees  50  minutes.  Albategnius,  in  880,  23 
degrees,  35  minutes,  40  seconds.  Tycho-Brahe,  in  1587, 
33  d^prees,  31  minutes,  30  seconds.  It  oscillates  in  our 
day  about  23  degrees,  23  minutes.  Its  average  diminu- 
tion for  each  century  seems  to  have  been  hitherto  57  se- 
conds. But  Euler  and  Laplace  have  proved,  by  profound 
calculations,  that  this  diminution  arises  from  tiie  mutual 
attraction  of  all  the  planets,  the  orbits  of  which  being  dif- 
ferently inclined,  seek  constantly  to  mingle  in  the  same 
plane^  from  whence  there  result  only  temporary  inequali- 
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tiMy  cofiined  within  detemiaata  boiuidi.  The  ran  cm* 
'^'^  tribatos  above  all  Gonatantly  to  briqg  back  all  these  Tirift- 
tioDB  to  the  point  whence  they  hai  originaAed*  Were  it 
not  for  the  attracttve  fiorceof  the  san,  the  plaaetsy  espedaily 
Jupiter  and  Yenusy  might  have  power  to  change  the  obliqiii- 
ty  of  the  ecliptic  from  10  to  1%  degreee.  Bat  the  mi^ 
monarch  of  the  planetary  syetCBi  reptoflaeQ  these  attempts, 
and  preveate  the  obliquity  from  ever  varying  moretkaa 
from  2  to  3  degrees.  In  general  the  whole  system  of  the 
world  appears  now  to  oscillate  round  a  mean  state,  fram 
which  it  deviates  only  very  insensibly  either  to  the  one  siit 
or  the  other.  The  viirient  contests  betweea  the  great  pov- 
en  of  nature  have  ceased ;  we  Hve  ia  a  period  of  phjricil 
repose,  but  wo  percMve  around  us  the  traces  of  aalarier  re- 
Tolntions.  These  are  about  to  become  the  sidjoet  of  oor 
inquiries. 
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BOOK  XVIII. 

CaiOkimatUm^of  the  Tkeanf  of  Geography*  Of  the  Bewh 
falJOM  wAJdk  horoe  taken  place  upon  the  Sarface  of  the 
Globe. 

Wb  have  described  the  existing  physical  state  of  the  ter- 
nstrial  globes  at  every  stage  in  our  progress.  It  would 
seem  that  the  order  of  things  which  now  subsists,  must 
kave  beea  preceded  by  several  orders  of  a  different  kind. 
The  existence  of  the  material  world  is  only  a  series  of  General 
lietamorpfaoses.  As  in  the  ocean  wave  sinks  into  and^'*^'* 
blends  with  wave^  so  the  dements,  agitated  by  a  never- 
cessmg  motion,  mingle,  and  combine,  and  replace  each 
otiier,  under  forms  continually  changing  and  continually 
lenewed. 

In  this  ebb  and  flow  of  existence  and  destruction,  we 
float  along  like  the  light  and  unsteady  leaves,  which  are 
borne,  heaved  aloft,  hurried  on,  and  swallowed  up  by  one 
and  the  same  billow.  How  then  should  we  hope  to  form 
a  conception  of  the  unmeasured  chain  of  revolutions  which 
our  globe  may  have  undergone  i  We  walk  upon  the  wrecks 
of  anterior  worlds^  but  can  we  compute  their  number? 
The  lapse  of  ages  has  heaped  up  ruins  upon  ruins :  at  every 
step  we  tread  on  monuments,  upon  which  the  hand  of  nature 
baa  engmved  the  history  of  the  globe;  but  the  record  is 
couched  in  hieroglyphical  symbols,  the  key  to  which  shall 
never  perhaps  be  found. 

The  feeble  light  which  reasoning  or  experience  has  fur-  Two  clan- 
aiahe*  relate  to  two  classes  of  changes  which  have  taken  ®*,°/j2';e- 
place  on  the  globe.    Some  repeatedly  occur  under  our  own  Toiutioin. 
(ftaervatfon,  or  at  least  have  been  observed  by  men  who 
bare  conveyed  accounts  of  them  to  us.    Other  rcivolutions 
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BOOK    are  known  to  ns  only  by  their  astonishing  effects,  and  by 

XTiii*  traces  which  it  becomes  us  to  follow  in  silence,  resolTed  to 

^    ,  .     stop  where  they  cease  to  guide  us.    It  is  of  importance  to 

of  suppos-  separate,  with  ngorous  exactness,  the  class  of  9ufipo9ei  or 

I'^J^^J'-in/m-ed  facts,  from  that  of  etiMuhtd  fS^ts.    But  entbo- 

faeu.        siasm  has  already  singularly  perplexed  this  question :  the 

inventors  of  geological  systems  have  brought  forward  as 

historical  facts,  events  which  have  not  any  contemporarj  and 

substantial  authority :  the  vague  descriptions  of  poets,  and 

even  popular  traditions,  have  been  collected  and  repeaied 

without  undergoing  any  scrutiny.    Aristotle  complained  in 

Greece  of  this  abuse.    Pliny,  in  a  later  age,  introduced  it 

at  Rome.    As  to  the  modems,  who  have  undertakoD  to 

write  the  history  of  the  changes  which  have  happened  on 

the  surface  of  the  globe,  they  have  chosen  rather  to  display 

superficial  erudition,  by  compiling  anew  what  the  ancients 

had  compiled  before  them,  than  to  make  use  of  that  diiB- 

cult  art  by  which  facts  of  an  established  and  definite  disr 

racter  are  distinguished  from  uncertain  traditions  that  aie 

altogether  unfit  for  the  purpose  of  the  philosqdier.  .  It  is 

an  undertaking  beyond  our  strength  to  re-establish  histo- 

rical  truth  in  all  its  purity :  we  shall,  however,  refrain  from 

repeating  any  of  the  fables  with  which  geologisto  have  adorn- 

ed  the  first  ages  of  the  history  of  the  globe. 

The  changes  whose  actaal  occurrence  is  capable  of  prooC 
are  marked  by  characters  which  are  extremely  diflereat 
Some  have  taken  place  with  the  most  inconceivaUe  rapiditj ; 
while,  in  the  imperceptible  progress  of  others,  we  perceire 
that  the  power  of  time  has  no  limits. 
Can»f  Of  all  the  known  powers  and  agents,  there  is  none 

^ance  the  ^^^'^^  ^^  ^^^  Contributed,  however  little  it  may  have 
furface  of  been,  to  change  the  surface  of  the  globe.  Fire  perfimis 
the  earth.  ^^  ^^^  couspicuous  and  noisy  part;  but  water  appsan 
to  have  had  a  still  wider  sphere  of  activity.  The  air  con- 
ceals under  its  appeai*ance  of  weakness  a  rery  powerful  dis- 
integrating and  recompounding  energy.  The  earth  itBd( 
by  yielding  obedience  to  the  laws  of  equilibrium,  has  assist- 
ed in  giving  shape  to  ito  own  surface^    And  the  labours  of 
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i»  flioagh  in  the  last  rank,  occnpy  a  place  in  some  cor-  book 

nera  of  this  vast  picture.— We  shall  now  take  a  rapid  sor-  ^^^^ 
Tty  of  tbe  annals  of  the  globe. 


The  atmosphere  generates  meteors  v^hose  slow  but  conti-  i>«compo. 
nual  effects,  by  accumnlating  from  age  to  age,  mnst  coUec-  SSJ^iid' 
tively  amount  to  an  incalculable  sum.  mataon. 

The  winds,  which  uproot  entire  forests,  hare  laid,  in 
some  ranote  period,  the  foundations  of  coal  mines.  The 
nins,  by  running  down  the  sides  of  the  mountains,  bai«  and 
rou^eo  some  parts  of  them ;  whilst^  to  other  parts,  they  give 
roondness  and  elevation.  The  hail  and  the  snow  harden  and 
accumulate  into  vast  masses  of  ice  and  snow,  whence  flow  the 
impetuous  rivers  which  excavate  the  valleys.  Ramond  ob- 
served the  summits  of  the  Pyrenees  every  where  furrowed 
by  the  thunderbolts.  But  the  air  of  itself  is  possessed  of 
a  very  considerable  dissolving  power;  it  ultimately  decom- 
poses all  known  substances.  The  most  solid  rock  is  clefl^ 
and  divided  into  stones;  the  stones  crumble  into  gravel,  or 
dissolvB  into  sand,  which  are  lifted  by  the  winds,  or  rolled 
by  tiie  waters  to  a  great  distance  from  their  original  soil. 

The  succession  of  heat  and  humidity  accelerates  that  slow 
dtsintegration  which  is  continually  going  on  before  our  eyes. 
The  air  disseminates  the  poUra,  or  fructifying  dust  of  plants, 
transports  whole  clouds  of  sand  and  of  volcanic  ashes,  and 
holds  in  sdution  a  great  number  of  watery,  saline,  and 
earthy  particles.  It  contributes,  therefore,  incontestably 
to  change  the  surface  of  the  earth. 

This  action  of  the  air  is  especially  perceptible  in  the  coQ'  ExtemioB 
tinual  extension  of  nuwing  sands.  The  effects  of  it  have^j^^J^^ 
bwn  severely  experienced  near  St.  Pol  de  Leon,  in  Bre- 
tagne,  where  a  whole  viUage  was  so  completely  buried  be- 
neath the  sand,  that  nothing  was  seen  but  the  spire  of  the 
church.*  England,  Jutland,  and  Scania,  have  undergone^ 
and  do  still  undergo,  similar  inundations.  In  Greenland, 
tfie  famous  ridge  of  hiUs  of  pure  ice,  named  the  Iceblink, 
19  situated  between  two  promontories  of  moving  sand  with 

« 

*  Mlmoiros  de  TAcaderaie  des  Sciences  de  Parii)  1729. 
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nUeh  the  irinds  sometliiMis  «trew  tte  decks  ^  ^ 
^^^^B^  fim  19  leagues  distent.*  Thus  As  fkenooMift  rf  tihe 
African  deserts  are  met  with  near  llie  pole.  In  hMxoif 
w^  iMTve  seen  places  where  tiie  sand  to  so  extremely  line,  as 
to  coddbit  the  appearance  of  a  fluid  mass  in  wUch  we  might 
swim.  It  is  easy  to  conceire  that  the  wind  may  carry  this 
powder  to  considerdile  distances^  and  in  this  mamiw  create 
mrw  deserts  of  sand. 
Laboun  of  The  indttstry  of  man,  hy  pacing  streets,  by  bniicSiig 
"^"*  hoases,  ly  spreading  manure  over  the  Holds,  hy  erectng 
dikes  along  the  sides  of  rivers,  tends  insensibly,  but  power- 
Mly,  to  elevate  the  soil  of  a  country.  We  perceiTe  fbk 
driefly  in  towns  near  ancient  buildings.  To  entor  the  Pan- 
theon at  Rome,  it  was  once  necessary  to  ascend  eight  steps: 
we  must  now  descend  as  many.  Nor  should  it  be  alli^ 
HmtthebuiMng  has  sank,  for  it  has  p»mrved  the  same 
level  fcr  two  centuries  pastf 
Chtnget  nnie  aquatic  plants  often  change  a  marsh  into  a  dmsp 
fr^^^c..  meadow.  These  are,  first,  the  Mppvrisy  the  nfrtcufartx, 
*^^  the  ^Tutsefttm,  and  different  rushes  which  form  with  their 
interwoven  roots  a  floating  tissue  upon  the  muddy  water. 
Hext,  the  $phagnwm  paltutre  is  difliised  over  the  whole 
surface,  absorbs  the  water  like  a  sponge^  and  creates  a  ted 
for  the  briars  and  lichens  which  thicken  and  raise  ttw  soil 
hy  thefar  annual  depositions.  At  other  times.  Hie  expanse 
of  a  tranquil  bay  is  peopled  by  water  lUiesy  tiie  arssA 
phragmite$9  and  other  plants  which  retain  the  earfliy  par- 
ttetes  cast  up  by  the  waters  without.  As  soon  as  tiiis 
mud  has  acquired  a  little  solidity,  we  see  the  willows  spiing 
up,  together  with  osiers  and  other  trees  which  prefer  » 
aquatic  soil.^ 

Vegetation  contributes  also  still  in  various  ways  to  chaage 
the  appearance  of  the  earth.  Observe  that  slender  plas^ 
that  moss  which  mounte  up  along  the  walls  of  a  deseited 

•  Craati,  iUlatton  du  GroMilMid.    Egeda,  &c.  kt. 
t  Bergmanoy  G6ographie-Phyiique,  ♦  148,  ii.  170. 
t  MiMoa,  Voyage  dltattt,  ii.  195. 


pdtMb    By  keiag  repeatedly  decraq^oeed  and  imcmitedy    bock 
it  wiH»  sQiiM  mgdB  hence,  have  corered,  and  even  have  ban*  •*'^***» 
ed  beneath  it,  tiiose  stately  piles  which  were  reared  by  hn-  ^— ^** 
viy  for  tlM  vesideace  of  serereign  power*    The  remauis  of 
the  Tilest  animak  are  collected  in  heapo  where  the  tfaraneo 
ef  moMurclis  once  glittered  with  splendoar.    Brambles  oorer 
tto  temple  of  Olympic  Jspiter,  and  the  towers  of  Bahy- 
bn  Ke  concealed  beneath  th^  grass. 

Monntains  mi  iomn,  or  seporaU  into  fngmmU,  from  Sinkins 
tiie  i^^cy  ef  other  causes  than  earthqaakes  or  mfcaniCre^utioiiB 
eiplooionflu    Sometimes  the  wnteroof  %  rapid  river,  of  an^J^»»- 
agitated  lakev  or  even  of  a  suMerraneons  cnrrentf  wasts^ 
consnmo^  and  secretly  rnidermine  a  mass  of  focks,  or  of  so^ 
Udearflu    The  beds  of  sand,  gravri,  clay,  ami  ehaUt,  whidi 
serve  ao  a  aapport,  am  dissolved  or  sw«pt  away;  an  coccar 
vation  is  formed^  and  the  superineambent  mans  ainka  dowa 
by  its  o^n  weight    At  other  times,  siAterraaeoiB  waton 
penetrate  nadw  a  new  stratnm,  under  a  v^jpetable  bed; 
,  they  at  first  support  this  crust,  then  looeeB  it^  tear  it  oK^ 
and  at  laat  finally  wadi  it  away  piece-meal,  or  swafiow  it 
e&Umly  apu    Sometimes  there  is  a  fissor^  by  meant  of 
^hidl  part  of  a  moaatain  is  detached  fit>m  the  principdl 
nasfl^  and  overtomed  in  conseqoenoe  of  being  deprived  of 
lie  nataral  support    These  kinds  of  fissursa  are  in  tiie  ar* 
^Vkceom  recks,  the  effects  merely  of  dryness^  accompaai'- 
^  by  Hm  shrinking  in  of  certain  particles;  in  caicareoaa 
i^ks,  a  qpecies  of  fermentation  may  very  much  contrHmte 
to  pvoduee  them;  and  in  granite  rocks  they  appear  to  aoim 
from  the  decomposition  of  certain  laminie  of  a  less  power* 
Ad  ciyataUization,  acted  on  by  the  oxygen  of  the  atmo- 
sphere.   The  grafllte  of  Finland,  named  Rapahiwir  ia  do* 
coaqpesed  wherever  there  predominates  in  its  compooition 
'vroginoas,  cnr  a  kind    of  sulpharo-ferruginoos   mica.* 
l^pnann  &as  often  seen  the  petrorilex  covered  wMt  a 
*ghtly  coherent  crust,  whichy  when  washed  off  by  the  wah 
tm,  expooeo  to  view  smalt  fragments  of  ^art2  and  jhrra- 

*  Gtddy  DiitisutioDf  tut  U  Graoitc,  cit6  par  Btigmano,  6eog.  Pbys.  1 151. 
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BMK    ginons  garnefau    Thus  the  mountains  may  be  destroyed  even 
^'^^*-  by  the  influence  of  that  imperceptible  humidity  ^vriiich  is  in- 
"""""""  herent  in  all  terrestrial  substances. 

General  Hiere  can  be  no  doubt  that  these  two  kinds  of  sabndini^ 
^\l^  must  have  contributed  to  the  formation  of  the  existing  sor- 
&ce  of  the  globe.  We  perceive  everywhere  around  us  no- 
tiling  but  wrecks  and  ruins;  those  beds  of  rocks,  displaced, 
overturned,  shattered;  tiiose  AJlos  so  deeply  escavated; 
those  caverns  which  reach  down  towards  the  centre  of  the 
'oaHh;  tiiose  peaks  which  tower  to  the  sky ;  tiiose  precipi- 
tous coasts  which  surround  as  with  an  immense  rampart  all 
tiie  seas  of  the  globe;  those  alps  which  overhang  Italy; 
those  Andes  which  plunge  tiieir  gigantic  sides  into  flie 
ocean ;  those  forests,  those  races  of  quadrupeds,  those  aqua- 
tic animals  buried  into  the  earth  in  mingled  oonftision;  all 
tiiese  circumstances  impress  us  wilii  the  awful 'and  ov^- 
whelming  thought,  how  vast  must  have  been  the  heavings 
and  agitations  which  have  contributed  to  give  to  the  globe 
its  present  appearance. 

M.  Deluc  has  very  happily  applied  tiiis  phyncal  tnrtfa  to 
illustrate  the  account  of  a  universal  deluge  contained  in  the 
sacred  writings.  ^According  to  him,  this  catastrophe,  which 
some  have  endeavoured  to  represent  as  impossible,  may  be 
naturally  explained,  merely  on  the  supposition  of  a  general 
sinking  down  of  the  inhabited  regions  of  the  eartii;  then 
the  waters  of  the  sea,  instead  of  being  elevated,  as  has  been 
generally  imagined,  would  have  needed  only  to  foUow  the 
laws  of  gravitation,  in  order  to  cover  the  afUedihman  world, 
and  leave  dry  our  present  continent 

But  we  wish  to  speak  here  of  facts  of  which  history  has 
preserved  tiie  details.  #• 

Sttbftdingf  The  subsidings  which  take  place  from  excavations  made 
«Mv?-  ^y  water,  happen  yearly  in  mountainous  countries  along 
rivers.  It  is  thus  that  the  Rhone  has  formcft  the  vault 
under  which  it  appears  to  lose  itself;  it  is  thus  that  the 
Adige  swallowed  up  the  townof  Neumark  and  others  in  1767. 
In  the  south  of  Norway,  the  rapid  Glommen  descends  from 
the  summit  of  the  Dofrine  mountains  towards  the  Norlb 
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Sea,  aad  forms,  a  little  above  its  moutli,  the  ine  cascade  <tf 
Sarpen.  /The  eddy  of  the  waters  of  the  cascade  have  fiHm-  xyih. 
ed  under  the  bank  a  subterranean  lake  600  feet  in  depth. 
Ob  tibe  5th  Februaiy  170S,  the  Castle  of  Borge,  with  all 
iti  d^endenciesy  was  engulphed  in  this  excavation,  and  en- 
tirely disa]ipeared,  so  that  there  appeared  nothing  in  its' 
place  but  a  lake  800  feet  lone,  and  from  300  to  400  broad.^ 
The  disaster  which  befel  th#town  of  Pleura,  in  the  country 
of  Chiavenna,  arose  from  a  similar  cause. 

Rivulets  and  springs  without  number  wore  away  the 
frail  foundations  of  Mount  Conto ;  on  the  £5th  August 
I6I89  the  masses  of  rock  of  which  that  mountain  was  com- 
posed, separated  from  each  other  and  rolled  upon  tiie 
town,  which  they  completely  overwhelmed,  as  wdl  as  the 
small  town  of  Sdulano ;  2430  individuals  perished ;  a  lake 
occupied  the  place  where  200  elegant  houses  once  stood. 
AU  the  weal^9  which  for  a  century  commerce  had  amas- 
sed, was  at  once  restored  to  the  maternal  bosom  of  the 
earth.! 

The  plains  experience  depressions  of  another  kind.  The 
Jilatforms  of  turf  suspend^  upon  water,  sink  under  tiie 
weight  of  forests,  houses,  and  inhabitants.  Ireland  every  origin  of 
year  sees  the  number  of  its  lakes  increase  by  the  ^^'^i^I^So'Jl^^oratu! 
in  of  its  bogs.  It  is  to  these  that  subterraneous  forests,  in 
some  measure,  owe  their  origin.  There  are  some  which, 
like  those  on  the  shores  of  Lincolnshire,^  are  formed  con- 
jointly by  the  sinking  down  of  marshy  coasts,  and  by  an- 
dent  invasions  of  the  sea.  Others,  like  those  which  have 
been  discovered  near  Morlaix,$  appear  to  owe  their  subter- 
raneous situation  to  changes  anterior  to  the  existing  state 
of  the  globe,  butdii>r  the  most  part,  they  are  met  with  in 
turf  or  peat  grounds.  In  the  Isle  of  Man,  accordingly,  in 
the  midst  of  a  marsh,  at  the  depth  of  20.  feet,  fir  trees  are 
found  still  (fti  their  roots.    At  Halfield-chace,  we  find  trees 

*  Pontoppidan,  Hist,  Nat  de  la  Norw^ge,  i.  ch.  3.  f  14. 
t  Camerari,  Ditiertat.  vi. 

X  Con^a  de  Serra,  dans  les  Annales  des  VoyaeeE,  i.  169.  sqq, 
^  Fruglaye,  N^.  110.  du  Journal  d«8  Mines. 
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vUi&hwreaeiravliMidaconis  lying  at  fbdraUflB.  Ai- 
^^^i*  la»i»  fivitzerlaiid,  ud  France,  preswt  nmilar  facts;  biil it 
"'~'~'  18  Sweden  which  fiimishes  as  with  the  laost  canoH  cs- 
amfiff  Near  Aaar^  in  West  Gotiiland,  there  aie  tw«  peat 
|«9»  compoeed  of  a  Ihick  Mid,  and  af  a  alight  tiif£  We 
dieotTer  there  a  great  quantity  of  tniiik%  and  raofeiy  iriridi 
are  carried  off  every  year  to  serve  as  fuel;  Oe  foUowiag 
year  they  are  equally  abondAt,  which  ariaes  anqaeatiDa- 
ably  from  an  iauaense  collectioa  of  trees  buried  in  this 
gpeat  ground,  and  raised  to  the  aarface  by  the  annual 
thaw.# 
In  tiie  Electoral  Marche  of  Brandenburg,  there  ia  Oe 


saMdlJ^.  lAl^e  of  Arendt,  fiNrmed  by  two  aubaidings,  the  one,  it  ia 
believed,  happened  in  815,  the  other  in  1685.  How  aaany 
lakes  are  thus  formed  in  Prusria  and  in  P<dand !  Haw 
■any  other  events  are  there  of  this  nature,  the  knowledge 
of  which  is  lost  to  ns,  or  has  been  disfigured  by  tradMioa ! 
Strabo  tdh  us,  that  around  the  Lake  Copals,  in  Bgwtia, 
the  sinkings  of  the  ground  were  very  numerous,  and  often 
changed  the  course  of  the  river  Ce^ssas,  which  at  last 
flowed  in  subterraneous  canals  constructed  by  the  hand  of 
apAn.  As  these  canals  are  no  longer  kept  in  repair,  and  as 
the  lake  Copais  is  changed  into  a  marsh,  we  may  ask,  what 
ia  become  of  the  waters  of  the  Cephissus  ?  It  appears  only 
too  probable  that  they  have  hollowed  out  a  subtcnraneoas 
reservdir,  an  inviaible  lake,  but  which  may  one  day  swal* 
law  up  BflBotia,  and  thus  renew  the  deiuge  of  OgygtB. 

We  have  spoken  of  subterraneous  lakes,  and  amongst 
ethers  of  that  in  the  West  Friezland,  which  wast discover- 
ed  in  the  t2th  century;  by  degrees  there  was  formed 
en  its  surface  a  crust  of  peaty  and  slimyiaubstances,  which 
in  their  turn  were  covered  with  vegetable  mould*  Thii 
I  crast  is  now  strong  enough  for  a  carriage  to  pass  over  it, 

I  and  to  be  laboured,  sown,  and  reaped.    At  tlie  same  time 

the  inhabitants  have  only  to  make  two  or  three  hole^  four 

*  Berginaun,  Geograpbie-PbyBique,  ii.  244.      Rothof,  MCin.  de  rAcadcmie 
I  dcs  Sciences  de  Stockholm,  1 767. 
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bet  dotip,  to  find  water  to  serve  them  {at  etoeidng  their  lh& 
There  probably  exists  a  aubtorruieous  lake  near  Narbenne^  xriii. 
in  the  territory  of  Liviere.  "We  there  see  five  abyaeee^ 
named  the  Odiols,  of  an  extraordinary  depths  and  fitted 
with  fish ;  the  earth  which  surrounda  theoi  tnnblee  under 
the  stc^  of  the  adventurous  peasants  whe  are  attracttd 
tiuther  for  the  sake  of  fishin^^ 

We  may  easily  coneiBive  die  disasters  which,  irom  time  ^^^f;^ 
to  timoy  indicate  the  existence  of  these  subterraneous  lake% 
in  places  where  no  one  saspecte  tihem.  In  179S  a  lake 
was  formed  in  the  town  of  Lons-le-Saulnier ;  several  houses 
disappeared,  as  well  as  a  part  at  the  high  road  from  Lyons 
to  Strasbourg**  It  is  supposed  that  this  was  an  old  pond 
of  brackish  water;  on  which  at  first  there  was  formed  A 
peUicle»  then  a  dight  vegetable  crust,  and  then  gronndf 
to  all  appearance,  solid ;  but  a  great  drought  having  made 
tbe  sid^terraneous  waters  fall,  this  crust  was  deprived  of 
rapport,  and  consequently  sunk  down.  Mount  Jura  pre- 
■ents  a  number  of  vestiges  of  similar  sinkings*  The  Py* 
rwees,  anoflier  calcareous  chain,  exhibit  them  in  as  great 
abundance.  Bufibn  relates,  that  a  mountain  in  1678,  hav- 
ing sunk  down  into  subterraneous  cavities  filled  with 
water,  caused  a  great  inundation  in  a  part  of  Gascony* 
The  Julian  Alps,  where  the  famous  lake  of  Cirknits  is, 
contain  in  their  numerous  caverns  many  similar  reser- 
Toirs. 

Justly,  then,  might  Seneca  ask,  ^*  In  what  part  of  the 
gbbe  has  not  natore  waters  at  her  command,  to  assul  us 
with, ^whenever  she  pleases?  Our  excavations,  our  pits, 
ahnost  every  where  terminate  in  water.  Let  us  add,  also, 
tiiose  immense  invisible  lakes,  those  subterraneous  sea8» 
those  rivers  which  are  enveloped  in  continual  night  How 
many  causes  are  there  of  inundation  in  those  waters  which 
flow  beneath  us  and  around  us  i  For  a  long  time  prison- 
m,  tiiey  will  one  day  set  themselves  at  liberty ;  the  rocks, 
open  on  all  sides,  will  furnish  numerous  currento  of  water, 

*  Bcrtrand,  Nouv.  Principes  dc  Geologic,  p.  198, 
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BOOK    wbtch  will  rash  towards  the  ocean.    These  deluges  of  water 
mil.  0p  fi|.Q  happen  whenever  it  pleases  the  Almighty  to  recom- 
""■""""  mence  a  more  perfect  order  of  things.'^ 

We  are  now  to  speak  of  subsidings^  in  which  tlie  agency 
of  water  has  not  been  immediate  and  predominant;  for 
rarely  does  a  disaster  happen,  in  the  prDdnction  of  which 
this  element  is  entirely  inactive* 
Mottnuins  Many  monntains»  as  we  hi^e  seen,  are  originally  com- 
jl^sioill^*^  posed  of  large  stones,  perfectly  detached  from  each  other. 
Theretare  many  such  mountains  between  Norway  and  Swe- 
den. •  A  transverse  section  of  Mount  Quedlie  shews  a  mass 
or  stratum  of  240  feet^  composed  of  small  fiat  stonesh— some 
i^careous,  some  sandy,  and  always  without  any  c«ment  to 
bind  them  together.  The  slightest  force  is  sufficient  to  ndl 
down  these  masses,  which  have  been  formed  by  changes 
anterior  to  the  records  of  history. 
£fibctt  of  There  are  other  causes  which  concur  in  decomposing  the 
most  solid  mountains ;  extreme  cold  often  makes  large  blocks 
of  rock  burst  asunder  and  tumble  down.  In  West  Goth- 
land, near  Hunneberg,  there  are  two  regular  pillars  detach- 
ed from  a  rock,  solely  by  the  action  of  frost"* 

Norway  suflTers  great  devastations  from  the  avalanche  of 
stones,  which  are  in  like  manner  occasioned  by  the  eflbcts 
of  cold.  In  the  milder  climates,  the  successive  action  of 
cold  and  heat  is  not  less  destructive,  though  more  silent 
In  these  same  mountains  of  West  Gothland,  of  which  we 
have  just  now  spoken,  Bergmann  has  observed  tiiat  the 
rocks  of  trapp  had  a  paler  and  more  porous  crust  on  the 
side  lying  towards  the  sun.  » 

SktietoDB  In  a  great  many  places  the  skeletons  of  mountains  attest 
taint?"'''  these  changes.  Near  Adersbach,  in  Bohemia,  you  pass 
through  a  sort  of  labyrinth  of  blocks  of  free-stone^  placed 
perpendicularly  from  100  to  200  feet  high,  and  of  a  cir- 
cumference equal  to  the  half  of  their  height  These  co- 
lumns, or  rather  these  square  towers,  occupy  a  space  of 
ground  a  league  and  one-third  in  length,  and  half  a  leagve 

•  Berenianii,  G^ographie  Pbj>i(jue,  ii.  242. 
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in  breadth.    A  riviilet  tneanders  fttfiongst  them,  and  loses    book 
itself  in  a  gulf.    The  verdant  foliage  of  trees  and  shrubs  is   xviii. 
mingled  with  tte  grey  masseis  of  the  rocks.    This  labyrinth  "~"~" 
ii  eridently  the  remains  of  a  mountain,  the  less  solid  parts 
or  which  have  cruHtibled  down,  and  been  carried  off  by  cur- 
rents of   water.    The   famous    stones  of   Camac,  which 
the  vitlgiir  regaM  as  a  Drtddical  temple,  appears  to  us  only 
&  labyfihth  6t  Aderbach  in  miniature.    Other  countries 
present  dimitar  pictures :  such  as  Stbnehenge  in  England, 
Gnfenstein  in  Sai^ohy,  the  rocks  of  Svit-Feene  in  China, 
and  several  assemblages  of  enormous  stones  in  the  Cordil- 
leras  of  Peru.    The  primitive  nations  ^hose  such  places, 
stamped  \iritii  the  impre^j^  of  divine  pDower,  to  solemnize 
the  rttt^  li^ichf  tjtey  defeated  to  beings  of  a  superior  na- 
tnre. 

The  slow,  but  continual  and  combined  action  of  all  the  Combined 
cmstA  whidh  we  have  specified,  Js  followed  by  the  most  as-  ^^  ^^ 
tonighing  catastrophes.  c»«»e«- 

The  remains  of  the  mountains  called  Diabkret,  in  Swit- 
zerland, present,  it  is  said,  a  very  picturesque  scene;  por* 
tions  of  wood  and  pasturage,  which  have  escaped  the  com- 
mon disM^dt^r, — crocks,  shivered,  dismantled,  cleft  from  top 
to  b^rttoitf^  and  seeming  to  announce  new  desolations, — ^tor- 
^eQts,  yfflnth  are  forced  to  scoop  out  for  themselves  a  new 
hed,  w^ar  away  the  trunks  of  bii^h  trees  and  firs,  half 
huiied  inftieir  waves.  Such  are  the  varied  groupes  which 
adorn  fliis  theatre  of  devastation. 

It  was,  according  to  the  History  of  the  Academy  of 
Sciences,  in  the  montii  of  June  1714,  but,  according  to  M. 
Bourrit,  and  other  Swiss  writers,  the  23d  September  1713, 
that  the  sunnmit^  of  the  Diablerets  suddenly  fell,  and  co- 
v<a«d  the  extent  of  a  square  league  with  their  fragments, 
which  often  fotm  a  bed  of  stones  SO  yards  and  more  in 
thickn^.  Alfikougfa  several  hundred  cottages  were  buried 
hitheruins,  foHunately  only  18  persons!  perished.  Cows, 
goats,  and  sheep,  were  the  principal  victims.  The  dust 
which  was  raised  by  the  fall  of  the  mountain  occasioned  for 
some  moments  a  darkness  like  that  of  night,  although  the 

VOL.  I,  28 
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BOOK    event  took  place  at  three  o'clock  in  Hie  afternoon,  and  in 
XYiii.  fine  weather.* 

We  have  a  more  satisfactory  account  of  the  falliiig  down 
of  a  mountain,  which  took  place  in  1751,  near  Salleoclie, 
in  Savoy.  The  naturalist  Donati  thus  describes  tins 
event :  A  great  part  of  the  mountain,  situated  below  that 
which  fell  down,  was  composed  of  eartb  and  stone,  not  ar- 
ranged in  strata  or  beds,  but  confusedly  heaped  up.  Hie 
rolling  down  of  these  stones,  in  former  times,  had  left  by 
degrees  the  principal  rock  of  the  greater  mountain  witiioat 
support  This  mass  was  composed  of  five  horizontal  and 
distinct  strata,  the  two  first  were  of  a  slaty  and  brittfo  kind, 
the  two  following  presented  to  view  a  shelly  marble,  cleft 
transversely  in  its  beds.  In  the  fifth.  Hie  slate  reappeared, 
but  its  laminsB  were  in  a  vertical  position,  and  entirely  dis- 
united. The  waters  of  three  lakes,  formed  in  this  last  stra- 
tum, continually  penetrated  through  the  chinks  of  the  noKHm- 
tain.  The  abundant  snow  of  the  year  1751  augmented 
the  force  of  these  waters,  and  determined  the  fall  of  648 
millions  of  cubit  feet  of  rocks,  bulk  enough  to  have  formed 
a  great  mountain.  The  fall  of  this  mountain  was  accom- 
panied by  aquantity  of  dust  uncommonly  subtile,  and  which 
was  taken  for  smoke,  because  it  supported  itself  in  tiie  air 
for  several  days.  A  report  was  spread  that  a  new  volcano 
had  broken  out  in  the  midst  of  the  Alps,  where  the  ravines 
of  subterraneous  fires  had  never  been  known.  Bat  Donati, 
having  been  sent  to  the  spot,  soon  dissipated  these  ground- 
less fears*! 
TheaUdtng  There  is  also  another  kind  of  catastrophe,  which  is  not 
«f  racks,  j^  extraordinary  in  its  causes,  than  destructive  in  its  ef- 
fects : — ^it  happens  when  one  bed  of  earth  or  rock  slides 
over  another  bed  without  breaking,  or  separating  into  pieces. 
Some  years  ago,  the  commencement  of  an  event  of  this 
kind  was  observed  at  Solutre,  near  Macon.  After  some 
great  rains,  ttie  strata  of  earth  which  lay  upon  the  moun- 

m 

*  Bourrit,  OescriptioB  des  Alpes  Penoiae^  &c.    Ebel,  Itin^iaire,  ii.  26. 
t  Donati,  citf  par  Saussure,  Voj'-agei,  sect.  493. 
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tain  of  Solutre,  slid  along  over  couches  of  calcareoos  stones,  book 
which  constitute  the  body  of  the  mountain.  They  had  al-  ^ltiu. 
ready  adranced  several  hundred  yards,  and  the  village  was  -— ^— ** 
about  to  be  buried  in  ruins,  when  the  rain  ceased,  and  this 
moving  mass  of  earth  was  arrested  in  Its  progress."!^  A  still 
more  astonishing  fact  of  this  kind  is  related :  a  part  of  the 
mountain  Ocinuh  in  the  Venetian  State,  detached  itself  dur- 
ing the  night,  and  glided  along,  with  several  houses,  which 
were  carried  into  the  neighbouring  valley ;  in  the  morning 
the  inhabitants,  who  had  felt  nothing,  were  extremely  as- 
tonished, when  they  awolce,  to  see  themselves  at  the  bottom 
of  a  vailey,  and  for  a  long  time  imagined  that  a  superna- 
tural power  had  transported  them  through  the  air  into 
some  distant  climate,  until,  upon  examining  the  environs, 
they  perceived  the  traces  of  the  revolution  which  had  so 
wonderfully  spared  them* 

Various  disasters  are  often  connected  together:  inunda- 
tions originate  from  the  fall  of  masses  of  earth,  and  occasion 
such  falls  in  their  turn. 

In  I779f  the  mountain  of  Piz,  in  the  marche  of  Treviso,  Eflbcu  of 
in  the  State  of  Venice,  was  cleft  in  two  5  a  part  was  over-  J**""* 
turned,  and  covered  three  villages,  together  with  their  in- 
habitants. A  rivulet,  stopped  by  the  rubbish,  in  three 
months  formed  a  lake.  The  remaining  part  of  the  moun- 
tain precipitated  itself  on  that  side,  the  lake  overflowed  its 
banks,  and  many  people  perished.  Several  villages  were 
also  bnried  under  the  waters.f 

This  brief  sketch  is  sufficient  to  show  the  difference  that 
exists  between  a  subsiding  or  falling  down,  and  a  shaking 
of  the  earth,  or  earthquake,  catastrophes  too  often  con- 
founded by  the  ancients,  and  even  now  by  the  vulgar.  The 
effects  are  often  the  same,  but  the  mode  of  action  and  the 
causes  are  different.  There  are  fallings  down  without  vol- 
canic shocks,  but  these  shocks  often  occasion  them.  The 
only  point  of  necessary  coincidence  is,  that  great  rains, 

*  DelAiattherie,  .Thforie  d«  la  Terre,  to).  ▼.  sect.  1420. 
t  Geography  of  Gaspari,  (in  German,)  vol.  i.  p.  370.   . 
28 
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BOOK    which  succeed  great  droughts,  equally  bring  on  displace- 
T^^^^»  ments  and  earthquakes.    Thej  occasion  earthquakes,  by 
^-^""^"^  eToIring  in  the  bosom  of  the  earth  elastic  and  inflammable 
gases ;  and  they  occasion  the  fall  of  large  masses  by  crack- 
ing, softening,  and  detaching  the  different  strata  of  the 
mountains.    The  ancients  imagined  that  they  could  pre- 
Tent  earthquakes,  by  digging  in  the  towns  and  surround- 
ing country,  ditches  and  deep  wells,  to  glTe  vent  to  the 
subterraneous  vapours.    It  is  more  certain  that  mm  may, 
with  a  little  care,  avoid  the  destructive  effects  of  fallings 
Whether  it  down.    At  first,  in  choosing  the  site  of  a  town,  or  of  a  vil- 
to  prevent^  ^^^9  we  ought  to  level  the  neighbouring  heights,  and  ex- 
fiiu '^'^   Amine  the  nature  of  the  roclws,  whether  they  are  soBd  and 


durable,  or  the  contrary;  it  is  then,  generally  speaking, 
easy  to  place  the  buildings  beyond  the  reach  of  such  acci- 
dents. A  Greek  naturalist  foretold  to  the  Spartans  tiie 
Ml  of  a  projecting  part  of  Mount  Taygetus,  which  soon 
after  overwhelmed  in  ruins  a  considerable  portion  of  the 
city  of  Lacedemon.  Canals  and  drains,  to  carry  off  from 
the  mountains  their  superabundant  waters ;  reservoirs,  where 
these  waters  may  be  collected  for  distribution  over  the  coun- 
try, to  irrigate  the  fields  and  to  drive  machinery ;  dikes, 
walls,  and  perhaps  deep  ditches,  to  stop  and  weaken  the 
shocks  of  avalanches ;  these  are  the  barriers  which  human 
industry  can  oppose  to  such  alarming  and  disas^'ous  oc- 
currences, one  of  the  most  salutary  efl^cts  of  which  is  to 
awaken  our  dormant  powers,  and  to  heighten  our  courage, 
by  giving  scope  for  its  exercise. 
Eibcu  of  In  tracing  out  terrestrial  hydrography,  we  have  already 
wiite"*  noticed  the  very  considerable  force  of  running  water;  and 
tiie  precipitation  of  parts  of  mountains,  which  we  have  just 
been  describing,  serves  to  exemplify  some  of  its  effects.  Its 
action  is  still  more  general ;  the  wandering  torrents  which 
roll  down  rocks,  and  root  up  forests,  the  deep  stream  ^ch 
gradually  undermines  tiie  mountains  at  whose  base  it  flo^ 
the  vast  and  powerful  river  which  shifts  at  pleasure  the 
place  of  its  bed,  and  sometimes  creates,  by  the  matter  it 
deposits,  a  Delta  of  Egypt,  and  sometimes,  by  swallowing 
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up  tttenaiye  diatrictSf  forms  new  lakes,  as,  for  example,  the  Boqjr 
Lake  Biesboch  in  Holland ;  these  are  the  powers  which,  set  ^^^u* 
in  motion  by  the  hand  of  nature  herself,  in  whose  operatioiis  • 

ages  are  accounted  as  moments,  have  been  able  to  produce  a 
rety  great  proportion  of  the  changes  which  the  secondary 
and  ternary  soils  have  undergone. 

We  shall  now  produce  some  examples  of  very  singular  Excava- 
changes,  arising  solely  from  the  action  of  running  water.  rl^^V  by 
Upon  Mount  Idmur,  in  Norway,  we  see  two  roads  worn  in  ^a^^er* 
a  rock  of  marble,  the  one  above  the  other.    The  marble  it- 
self which  separates  them,  and  which  is  only  three  inches 
thick,  allows  you  to  percdve,  through  its  clefts,  a  river  flow- 
ing in  the  lower  road.    It  appears  that  the  waters  of  a  lake, 
situate  some  hundred  feet  higher,  have  by  degrees  hollowed 
out  for  themselves  these  two  openings  through  the  rock.    It 
was  thns,  that  the  river  Gaulen,  in  the  same  countiy,  lost 
itself  in  1344,  and  re-appeared  some  years  afterwards  with 
extreme  violence,  driving  before  it  the  ruins  of  the  subter- 
raneoivsi  prison  into  which  it  had  descended.* 

Mount  Jura,  and  in  general  all  calcareous  mountains,  pre* 
sent  facts  of  the  same  kind.  The  lake  of  Joux,  and  that  of 
Grand-Vaux,  and  many  others,  have  worn  in  the  rock  the 
funnels  through  which  their  watejrs  flow*  Sometimes,  when 
the  sides  of  the  passage  which  the  waters  had  made  for  them- 
selves, become  in  part  worn  away  and  excavated,  the  roof 
{alls  down ;  it  then  forms  an  outiiet,  cut  perpendicularly, 
through  which  tlie  waters  escape,  as  near  Orgelet,  upon  thfs 
road  of  Saint  Claude  ^f  or  the  mouth  of  the  valley,  blocked 
up  by  the  rubbish,  forces  the  waters  to  give  birth  to  a  loke^ 
such  as  that  of  Sillan,  near  Nantua.:}: 

Another  singular  phenomenon  occurs  in  the  funnels  with  Funnels, 
no  outlet;,  called  in  Sweden  Oiani^  Cauldrons.    These  are 
circular  excavations,  sometimes  of  a  spiral  form,  having 
their  sides  very  smooth,  situate  for  the  most  part  on  the 

•  Pontoppidao,  Natural  History  of  Norway. 

t  Bertrand,  Nouv.  Principes  de  G^ologie,  p.  175.  , 

t  Ibid.  p.  178.    Comp.  Sausctirey  Voyaees,  tt ct.  384, 
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ttOoK  sides  of  mountsunsy  and  frequently  containing  in  the  centre 
xriit.  g  rounded  stone.  The  traveller  Kalm  observed  these  hol« 
lows  in  the  United  States,  near  Fort  Nicholson.  Serend 
examples,  observed  in  Switzerland  and  in  Siberia,  might  be 
mentioned,  but  they  are  to  be  met  with  only  in  sulphated 
calcareous  rock  :*  on  the  contrary,  those  of  Sweden  andtiie 
United  States  exist  in  granite.  According  to  Bergmann, 
they  have  been  formed  by  running  waters,  which  had  be- 
come engulphed  there,  and  had  imparted  a  rotatory  motion 
to  a  stone  detaclied  from  a  neighbouring  roclc.t 

In  admitting  this  explanation,  the  giants' cauldrons  would 
incontestibly  prove,  that  there  was  a  time  when  the  granite 
was  not  harder  than  common  limestone  or  gypsum. 
Drying  ui)  There  are  many  lakes  which  hold  in  solution  saline, 
UkM.  ^ftrthy,  metallic,  and  bituminous  substances:  these  sab- 
stances  form  sometimes  simple  deposites ;  at  other  times, 
they  are  thrown  down  to  the  bottom  of  the  lake,  by  chemi- 
cal precipitation.  Several  causes  may  here  concur.  Hie 
different  gases  and  acids  witii  which  the  waters  of  these 
lakes  are  charged,  may  give  rise  to  crystallizations ;  a  cool- 
ing in  lakes  which  possess  a  certain  degree  of  heaty  may 
also  have  the  same  effect  It  is  certain,  that  the  remams  of 
{he  beings  that  live  and  die  in  these  waters,  form  beds  of 
calcareous  earth.  Trees  and  vegetables,  which  are  carried 
along  by  the  waters,  form  floating  islands,  which,  by  de- 
grees, unite  together,  and  either  cover  the  lakes  with  a  crust 
of  earth,  or,  by  sinking,  raise  up  the  bottom.  We  most 
add,  that  the  more  a  stagnant  mass  of  water  loses  in  depth, 
the  more  it  evaporates ;  for  the  evaporation  of  water  is  always 
in  the  direct  ratio  of  its  surface,  and  in  the  inverse  ratio  of 
its  depth,  as  experiments  have  proved.  There  are  in  all 
mountainous  and  marshy  countries  numerous  instances  of 
small  lakes  which  have  been  dried  up  by  one  of  these  causes ; 
we  may  therefore  safely  infer,  that  tlie  same  phenomena 

*  ratrin,  Histoire  Naturelle  det  Minlraux,  iti.  201.    SauFSure,  Voyage.^ 
•ect.  1238. 
t  Berginaon,  Gtog.  Phye.  ii.  tt9. 
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have  taken  jdace  upon  a  larger  scale,  and  that  the  forma-    book 
tion  oi  several  extensive  plains  is  to  be  ascribed  to  tlie  dry-   ^^m* 
ing  up  of  inland  seas,  or  great  lakes  5  as  for  examplei  part 
of  those  which  border  on  the  Caspian  Sea.* 

The  damming  up  of  a  lake  commences  by  confining  its  Breaking 
basin,  bnt  the  lake  always  receiving  tlie  same  quantity  of  dams.'' 
water,  it  necessarily  overflows,  and  if  it  happens  to  discharge 
itself  into  other  inferior  lakes,  it'  may  produce  successive 
overflowings,  which  change  the  surface  of  the  surrounding 
country.  These  efibrts  would  be  more  violent  if  a  sudden 
thaw,  and  a  superabundance  of  water,  took  place  at  the 
same  time.  The  waters  in  this  case  would  perhaps  be  im- 
pelled by  so  impetuous  a  force,  as  to  overthrow  every  thing 
they  met  with  in  their  course,  and  make  large  excavations 
in  the  chains  of  mountains,  and  thus  form  great  valleys. 
This  idea  was  developed  by  Sulzer,  and  carried  to  extremes 
by  Lamanon.t  It  occurs  very  naturally,  when  one  consi- 
ders the  great  lakes  of  North  America,  which  flow  into  one 
anoflier,  aild  finally  into  the  river  Saint  Lawrence.  If  the 
soil  which  borders  the  Ohio,  and  where  we  find  the  bones 
of  file  mammoth,  is  impregnated  with  salt;  if  the  plain 
whidi  surrounds  the  river  of  the  Amazons,  is,  as  is  said^ 
entirely  composed  of  soft  earth,  without  any  stones ;  if  we 
find  in  the  plain  of  Crau  and  in  Dauphiny  the  same  pebbles 
and  rounded  flints,  as  upon  the  borders  of  the  Lake  of  Ge- 
neva, then  all  these  circumstances  may  be  accounted  for  on 
die  supposition  of  the  overflowing  of  the  interior  lakes  ;— 
but  historical  certainty  is  wanting,  and  will  always  be  want- 
ing, to  these  hypotheses.  It  is,  besides,  very  certain,  that 
valleys  must  have  existed  before  the  flowing  of  the  waters 
could  take  place.  All,  therefore,  which  can  be  conceded 
to  this  theory  of  the  excavation  of  the  earth  by  currents  of 
water,  must  be  limited  to  effects  which  regard  only  the  8u« 
perficial  strata. 

*  Delara^therie,  Th6orie  de  la  T*rre,  sect.  1417. 

t  Latnanon,  Journal  de  Pbyiique,  1780,  December,  p.  474. 
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BMK       We  €0016  to  a  question  which  has  gteMj  engaged  the 
xvixi.  attention  of  physical  geographers;  the  dimination  of  the 
-.    .         waters  of  the  sea* 

Do  the  wa* 

ters  of  the  Let  US  begin  by  defining  the  subject  of  inquiry.  We  have 
nttbt"^^^  nothing  to  do  with  those  marine  or  other  fluids^  which  at 
different  epochs  covered  the  globe,  and  in  which  lived  innu- 
merable shell  flshesy  sea  petrifactions,  and  polypuses,  which 
we  have  seen  upon  the  summits  of  the  highest  mountains.  It 
is  plain  that  these  fluids  have  disappeared ;  but  the  slow  or 
rapid  manner  of  this  disappearance,  and  its  internal  or  ex- 
ternal causes,  can  be  known  to  us  only  by  conjecture*  Man 
existed  not  at  the  time  of  those  revolutions  which  have 
heaped  up  on  one  another  the  remains  of  the  sea,  and  of 
fresh  water  animals.  The  question  is  only  concerning  chan- 
ges which  the  sea  of  the  terrestrial  globe  may  have  under- 
gone since  the  last  revolution,  which  has  created  our  exist- 
ing continents.  To  the  question  thus  limited  an  answer 
may  be  given, 

A  very  long  experience,  that  of  more  than  twenty  cen- 
turies, enlightened  by  the  torch  of  history,  seems  to  prove 
that  the  present  sea,  considered  ad  to  its  entire  quantity,  is 
in  a  state  completely  stationary,  so  that  the  evaporation  of 
its  waters  is  equal  to  the  quantity  with  which  i^e  rirers 
augment  it,  and  its  extent  is  neither  diminished  nor  en- 
larged. But  local  circumstances,  as|  for  example  the  clear- 
ing of  waste  land,  the  destruction  of  forests,  the  choking 
np,  or  the  torning  away  of  the  channels  of  river%  lOay  for 
a  certain  time  alter  the  level  of  some  interior  sea^,  Qti^er 
temporary  or  local  causes  may  produce  in  the  samn  Qceaq, 
not  an  augmentation  or  diminution  of  volumet  but  small 
oscillations,  which,  by  subverting  the  equilibrium  of  the  wa- 
ters, occasion  on  one  side  the  little  retirings  of  tl^e  aePs  con- 
sequently the  formation  of  new  ground;  and,  on  the  other 
side,  Utile  invasions  of  the  sea  upon  the  earth :  these  changes 
mutually  compensate  each  other,  and  are  limited,  and  too 
variable,  to  have  any  sensible  influence  upon  the  form  of 
great  continents. 


Tke  pr«Bept  sea  •ii4#avoMFs  i|i  two  vaya  to  i$l|%Be9  tho   ^wm 
{bim  of  its  banks :  it  creates  mw  laods  by  depositing  sapdf   ^^^^^ 
grav^U  sbellp,  f^nd  maHne  plants^  by  castiiig  up  and  by  re-  j^^JJ^^ 
taining  the  mud,  and  father  sobstiiiices  bronght  down  by  which  the 
the  rivers  I  by  undermining  the  mountains  whipb  boarder  ^.Jh^n"* 
it,  which  qaose^  them  at  last  to  fall ;  by  retiring  of  itselfsges, 
eithfr  bi»:a|i8e  the  viyers  bring  to  it  a  diminished  sii^dy  ^ 
wateTf  or,  because  on  another  side,  it  has  overflowed  some 
grooiid  over  which  it  has  spread  a  part  of  its  waters.    |t 
has  iBvaded  tiie  ancient  shores,  by]  washpng  them  awa^«  er 
by  rising  above  their  level,  when  from  aiiy  fuuise  whatevoFs 
its  baain  has  been  elsewhere  confined*    The  seas  of  EurQpf^ 
being  the  best  known,  will  famish  the  best  proob  of  OMV 
assertions,    I^et  us  begin  with  the  Meditwranean* 

We  have  seen,  that  by  taking  in  Homer  the  word  changes  in 
Egfpto9  for  the  name  of  the  river,  and  not  for  that  of  ti^panTZ 
country,*  we  may  dispense  with  admitting,  that  the  sea  baa  MedUer- 
filled  ^p  the  supposed  ancient  gulf,  which  penetrated  iafo'^"*^^"' 
Egypt  as  far  as  Thebes,  and  which  separated  by  one  day's 
navigation  the  island  of  Pharos  from  the  mainland,  aa  him 
been  commonly  affirmed.    Some  less  considerable  additions 
iHive^  without  doubt,  been  made  to  the  land  since  the  time 
wbeii  Herodotus  gave  us  the  first  description  of  the  country } 
but  these  are  owing,  less  to  the  mud  which  the  river  carries 
down,  than  to  the  winds  which  bring  witli  them  the  sands  of 
the  neighbouring  deserts.    This  is  what  daily  hf^qiens  upon 
the  coast  of  £}gypt    The  port  of  Alexandria  is  dammed  up, 
the  town  of  Damietta,  whose  walls,  in  the  time  of  I^niis  IXn 
were  washed  by  t^e  sea^  ^  now  at  a  copsiderabh/  distance 
from  it    As  a  kind  pf  compensation,  the  lake  Idengal^  sp^ 
pears  to  be  formed,  either  by  the  overflowing  of  a  branch  of 
the  Nile,  the  cleaning  of  which  has  been  neglected^  <^  by  an 
irryption  of  the  sea*t 

Along  the  eastern  coasts  of  the  Mediterranean  an^  ^^ 
gulfs,  there  is  but  little  increase  of  the  land.    The  island 

*  See  the  description  of  Egypt  in  a  subsequent  volume. 
t  Shaw's  Travels,  vol.  ii.  p.  173,  188.     TeUjamed,  (Dc  Maillet)  sur  la  di- 
minution de  la  mer,  &c. 
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BOOK  of  Tjrre,  however,  has  been  united  to  the  contment  by  a 
^▼M^*  more  powerful  hand  than  that  of  Alexander.  At  the  moaSi 
"■^—"■"^  of  the  river  Pyramus  in  Cilicia,  a  deposit  of  sand  has  ex- 
tended the  modem  coast  six  miles  beyond  the  ancient ;  and 
siniilar  effects  have  taken  place  at  other  points  on  the  sooth- 
em  shore  of  Asia  Minor,  where  the  coast  is  flat*  The  Mean- 
der has,  by  little  and  little,  filled  up  the  valley  into  which 
it  flows,  and  which  was  formerly  a  gulf^  The  inhabitants 
of  Miletus,  and  of  Ephesus,  have  several  times  changed  the 
situation  of  their  towns,  by  following  the  sea,  which  re- 
tired from  their  walls.  On  the  coast  of  Greece,  a  great 
many  small  islands,  situated  in  front  of  the  openings  of  the 
rivers,  are  joined  to  the  mainland.f 
ChaafM  in  In  the  gulf  of  Venice,  very  remariiable  changes  have  ta- 
Y^^^  ^^  ken  place.  Ramazzini  having  observed  that  all  the  country 
mund  Modena  is  suspended  over  a  subterraneous  lake^  and 
that  a  great  number  of  shells  are  to  be  found  there,  is  per- 
suaded that  Lombardy  has,  in  a  great  measure,  been  formed 
by  the  combined  deposites  of  the  Po,  and  of  the  sea.  All 
that  is  certain  is,  that  the  Po  in  former  times  committed 
great  ravages,  by  inundating  often  whole  provinces:  it 
has  been  confined  by  strong  dikes,  but  by  renewing  from 
time  to  time  these  embankments,  which  preserve  the  country 
from  total  submersion,  the  bed  of  the  river  has  been  elevated, 
so  that  the  level  of  the  waters  of  the  Po  is  now  raised  several 
feet  above  the  lands  which  surround  it 

The  environs  of  Ravenna,  Aquileia,  and  Venice,  present 
facts  more'  uniform  and  better  established.  There  is  no 
doubt,  according  to  the  observations  of  Manfredi,^  that 
the  grounds  near  Ravenna  has  sunk  to  such  a  degree,  that 
the  pavement  of  the  cathedral  is  only  six  inches  above  the 
level  of  high  water;  but,  at  the  same  time,  the  land  is  ex- 
tended in  such  a  manner  that  this  town,  formerly  situate 
in  the  midst  of  marshes,  and  canals,  and  fumished  witii  an 

*  EcRufort*!  Account  of  Caramania,  p.  298. 

t  Strabo,  lib.  ii.  passim.    Plin.  Nat.  Hist.  ii.  cap.  89. 

t  Manfredi,  De  Atirt    Maris  AUitudine,  in  Opusc.  Bononiens,  ii.  120. 
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excellent  port, *  is  now  three  Italian  miles  distant  from  the    book 
sea,  and  surrounded  by  meadows  and  fields.    The  Yene-   xvin* 
tians  are  very  much  afraid  of  seeing  their  canals  dry  up^  --"— — 
and  yet  the  ground  on  which  Venice  stands  is  a  little  sunk. 
AquUeia  was  once  close  to  the  sea.    It  is  alleged  that  the 
sea^   on  the  other  hand,  makes  encroachments  upon  the 
coasts  of  Istria  and  Dalmatia.    Columns,  and  pavements 
in  Mosaic^  and  urns,  are  there  found  under  the  waters. 

The  western  coast  of  Italy  presents  within  a  small  space  Changcf  in 
two  phenomena  of  contradictory  appearance.    The  Pontine  ^rnTthiT 
marshes  now  cover  part  of  the  Jfypian  Wajff  whUst  in  ttie  Medittm- 
mouth  even  of  ttie  Tiber^  we  perceive  land  which  was  not  ^^^* 
there  in  the  time  of  the  ancient  Aomans.    It  is  noty  how- 
ever,  the  sea  which  has  covered  the  Appian  Way,  but  the 
rivcarSy  which  the  negligence  of  the  modem  inhabitants  has 
saSbred  to  be  choked  up  at  their  mouth.    In  the  same  way, 
if  the  renowned  villas  of  the  ancient  Baise  are  now  found 
buried  beneath  the  water,  the  reason  is  that  these  edifices^ 
once  the  abodes  of  luxury  and  ostentation,  were  built  at  ttie 
iirst  in  the  midst  of  the  sea.t 

Upon  the  coasts  of  Spain  and  of  France,  the  Mediter- 
ranean has  receded.  Aigues-Mortes,  in  Languedoc,  was, 
in  the  thirteenth  century,  close  to  the  sea,  but  at  present 
it  is  two  leagues  distant.:^  From  the  moutli  of  the  Rhone 
to  Agde,  the  sea  has  lost  ground,  or  has  retired.  The 
port  of  Barcelona  becomes  every  day  less  deep.  Thus, 
without  entering  into  a  longer  detail,  we  may  say  that  the 
sum  of  known  additions  made  to  the  land  on  the  shores  of 
the  Mediterranean,  appears  to  be  more  considerable  than 
Ihe  sum  of  the  encroachments  of  the  water.  But,  on  the 
one  hand,  we  are  totally  unable  to  compare  the  modem 
and  ancient  states  of  the  coasts  of  Africa;  and,  on  the  other 
hand,  there  are  upon  the  Mediterranean  a  vast  number  of 
celebrated  harbours,  which  preserve  exactly  the  same  level 

*  Bianchiy  Spectm.  estui  Marmi.    Moro,  des  Chang«nicD8  de  la  ttrre,  U. 
ch.35. 
t  See  Peinturei  d'Herculaneum,  toni.  iii. 
t  Strabo,  V.  246.  edit.  Alroelor. 
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B«M>|c  of  waters  as  in  the  time  of  the  ancients.  Marseillosy  QeoM|» 
XVIII.  gyracuse,  Navarin,  or  Pylo8»  and  twenty  otlier  places,  are 
found  in  the  same  situation.  The  ruins  of  Bbsrcalaneaii 
touch  the  6e%  so  did  the  town  itself  in  the  time  of  Strabo; 
there  i^,  thereforei  no  reason  for  supposing  a  general  dimi- 
nution. 
CbRDges  ia  The  Atlantic  Ocean  has  made  some  additions  to  the  land 
tkOwi^' upon  the  coasts  of  France,  and  has  contributed  to  raise  the 
level  of  those  sandy  plains  which  reach  from  Bourdeaux  to 
Bayonne  i  several  bays  have  been  filled  up,  and  the  Adour 
has  been  obliged  to  seek  a  new  opening  into  the  sea.  A 
district  between  La  Rocbelle,  and  Lucon^  and  in  general 
all  the  marshes  of  La  Vendie,  have  been  gained  from  the 
sea.*  The  small  bay  ivhere  Mount  Michael  is  situate, 
between  S^retagne  and  Normandy,  appears  to  be  equally 
drying  up ;  but  near  Dob  the  sea  has  resumed  possession  of 
those  lands  which  had  formerly  belonged  to  it 
Changes  Yarenius,  Lulof,  and  other  geographers,  have  described 
coast  of^  ^  quantities  of  soil  left  by  the  German  ocean  upon  the 
Holland,  coasts  of  Holland.  A  number  of  effects  of  difierent  kinds 
are  visible  here,  which  all  tend  to  the  same  result;  and  we 
see*  above  all,  a  striking  example  of  those  changes  to  which 
the  action  of  the  sea  upon  the  land  appears  to  be  subject. 
In  the  remotest  periods  to  which  history  extends,  these 
countries  were  immense  marshes,  for  which  the  sea  and  the 
rivers  contended  together.  The  first  deposited  sand^  the 
second  mud :  thus  were  formed  the  more  elevated  grounds 
which  were  in  some  measure  habitable.  These  ground^ 
however,  being  sometimes  covered  with  water,  and  some- 
times  left  dry,  belong  equally  to  both  elements.  Human 
industry  gave  a  steady  direction  to  the  wandering;  course  of 
the  rivprs,  checked  the  fury  of  the  waves  by  immense  dykefl^ 
and  thus  created  a  country  even  in  the  bosom  of  the  waters. 
But  there  remain  lakes,  bogs,  $uid  marshes :  the  rivers  si- 
lently undermine  these  ill  consolidated  grounds;  the  sea 
penetrates  them  through  the  large  openings  of  the  rivers. 
i 

*  T,a  Bretonniore  Stati^tiqiic  de  la  Vendue. 
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Seyeral  great  tfdes  were  the  epochs  of  dreadfiil  disasters,  «f   book 
wblch  the  following  are  the  most  remarkable.  xviii. 

The  Zuyder%ee  was  anciently  nothing  bat  a  lake  of  tri-  — ^— 
fling  extent^  which  flowed  into  the  sea  by  the  river  of  UHe^ 
(the  FUvum  of  Tacitus,)  and  considered  as  a  braiftch  of  the 
Rhine.  About  the  year  ISSO^  the  sea  made  an  irruption 
into  it  Vast  tracts  of  land,  which  the  running  waters  a|ipa^ 
rently  had  undermined,  gave  way,  and  thus  the  Zvyderzee 
was  formed.  The  gulf  of  Dollart,  between  West  Friez- 
land  and  the  province  of  Oroeninguen,  was,  in  1300,  a  fertile 
canton,  coYered  with  delightful  meadows.  In  14i&l^  tile 
nnited  force  of  the  sea  and  of  the  rivers^  destroyed^  near 
Dort,  7S  considerable  villages,  with  100,000  of  the  inhaU- 
tantB,  (as  it  is  said,)  and  formed  the  lake  of  Bteshesch.* 

The  Danish  coasts  of  Sleswick  and  Holstein  present  a  Chtngei 
spectacle  nearly  similar.    There  the  sea  has  both  lost  and  D?n°^^ 
gained.    The  island  of  Mprdstraud  was  swallowed  up  in^oaits. 
1634;  that  of  Heligoland  sustained  great  damage,  in  the 
13th  centnry.    On  the  other  hand,  the  sea  brings  to  the 
shores  of  the  main  land  a  great  quantity  of  greasy  mud, 
bluish  clay,  and  sand ;  and  when  these  substances  have  ac- 
quired some  consistency,  the  ground  is  enclosed  with  dykes. 
The  soil  thus  formed  becomes  so  fertile,  that  in  a  very  few 
years  it  indemnifies  the  cultivators  for  all  their  outlay. 
Upon  the  coasts  of  Jutland,  in  the  district  of  Thy,  the  sea 
has  filled  up  with  sand  several  gulfs,  which  once  afibrded 
ntreat  to  pirates,  according  to  the  ancient  history  of  tiie 
north;  and  it  has  probably  formed  the  isthmus  that  now 
separates  it  from  the  gulf  of  Limfordf  which  seems  to  have 
been  formerly  a  strait.    All  the  western  and  northern  coast 
of  Jutland,  (from  55  degrees  £4  minutes,  to  Cape  Skagen, 
^7  degrees  and  about  40  minutes,)  appears  to  owe  its  for- 
mation to  the  sea,  which  by  accumulating  sand,  has  made  . 
an  unbroken  coast  of  what  was  once  a  chain  of  islands. 
The  inconsiderable  changes  which  have  taken  place  in  DiminuUon 

of  Uie  Bal- 
tic. 
Lulof,  Introduction  ^  la  G^ographle-Pliysique,  en  Hollandais,  i  432,  iqq. 
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BOOK  flie  Baltic,  by  no  means  prove  a  general  diminution  of  Ifae 
^^'''*  waters  of  that  sea.*  Naturalists  have  considered  the  slieUg 
Phyiicai  ^^^  Other  remains  of  animals,  as  evidences  of  this  general 
ArgiuMott.  diminution ;  while  historians  have  endeavoured  to  |»we  it 
by  the  damming  up  of  ancient  harbours  and  straits.  These 
two  arguments  evidentiy  relate  to  two  different  epochs.  We 
have  seen  that  all  the  remains  of  animals  belong  to  an  age 
when  man  did  not  exist.  As  to  the  records  oi  historji 
which,  with  regard  to  Sweden,  commenced  only  witib  the  dth 
century,  there  have  been  upon  some  coasts  of  Sweden,  ac- 
cumulations of  sand  and  gravel,  particularly  among  those 
labyrinths  of  rocks  by  which  it  is  in  a  great  measore  sur- 
rounded. These  accumulations  are  owing  to  the  violence 
of  the  currents,  which  at  tiie  same  time  are  very  variable; 
but  the  gains  and  losses  of  this  sea  compensate  each  other. 
If  the  strait  opposite  Swedish  Pomerania  is  filling  up  to- 
wards the  north,  it  becomes  every  day  deeper  towards  the 
east  In  general,  we  should  say  with  Browallios,t  that  if 
a  thousand  observations  proved  the  diminution  of  the  wa- 
ters, one  single  observation  of  the  contrary,  would  be  suffi- 
cient to  reduce  these  observations  to  tiie  limits  of  a  local 
fact.  But  there  is  not  one :  there  are  a  hundred  contrary 
observations,  which  prove  that  there  has  been  no  general 
depression  in  the  level  of  the  Baltic  sea.  Oaks  of  the  age 
of  three  centuries,  growing  on  low  lands  close  to  the  sea; 
casties  which  have  existed  for  ages  in  places  which,  aorord- 
ing  to  the  hypothesis  of  Celsius,  must  have  but  lately  arises 
under  the  waters, — ^these  are  the  facts  which  have  been  tri- 
umphantiy  opposed  to  the  computed  results  of  the  advo- 
cates of  desiccation.  Browallius  points  out  a  number  of 
places  even  upon  the  Swedish  coasts,  where  the  sea  has  be- 

*  Lionsus,  de  Telluris  Habitabilis  incremento.  AmoBnit.  Acad.  ii.  430.  Id. 
Voyage  de  Westrogothie,  d*Acland,  de  Scanie,  fcc.  01.  Celsius,  Observat. 
Acad,  scienc.  Succ.  1743,  p*  33.  Dalin,  Hist,  de  )a  Suide,  preface.  Beigmano, 
Gfographie  Physique,  6e  section,  chap.  iii.  Ferner,  Diecours  coDtemuit  lUi^ 
toire  de  la  Dispute  sur  la  Diminution  des  Eauz. 

t  Browallius,  Recherches  Physiques  et  Historiques  sur  la  pr^teodue  Dimi- 
nution des  Eaux,  &c.    Stockholm,  1756. 
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come  deeper.  I  should  add,  that  the  Oerman  geographers  book 
commonly  assert  the  same  thing,  as  £eu>  as  relate  to  the  xtiii» 
German  coasts  of  that  sea.  — ^ 

The  historical  arguments  in  favour  of  the  diminution  of  Hiftorieal 
the  waters  of  the  Baltic,  have  been  equally  overthrown.  *""^" 
Some  have  insisted  upon  the  vague  language  of  Grecian 
and  Roman  geographers,  who  represent  Scandinavia  as  a 
large  island ;  but  if  the  sea  had,  since  the  time  of  Pliny^ 
sunk  sufficiently  to  make  the  soil  of  Finland,  elevated  from 
500  to  1000  feet,  emerge  from  under  the  waters,  it  would 
tben  follow  that  Mecklenburgh  Holstein,  the  wastes  of  Ha- 
nover and  of  Westphalia,  and  the  island  of  Batavia,  now 
called  Betuwe,  grounds  elevated  only  from  2  to  400  feet^ 
must  have  been  equally  under  water.  It  is,  however,  cer- 
tain that  the  Roman  armies  carried  on  war  there,  and  that 
Ptolemy,  at  the  commencement  of  the  second  century,  de- 
scribes those  regions  in  such  a  manner,  that  we  recognize 
their  existing  forms  with  very  few  changes. 

The  charts  of  the  middle  age  prove  nothing  in  favour  of  Maps  of  Um 
the  diminution  of  the  waters.  In  the  convent  of  St  Mi-  xgt.  * 
cbael  de  Murando  at  Venice,  there  is  preserved  a  map  of 
the  world,  which  was  made  by  one  of  the  monks,  whose 
name  was  Mauro.  This  chart  had  been  made  with  the 
assistance  furnished  by  a  person  called  P.  Quirini,  who,  in 
1431,  had  sailed  to  Trondheim,  and  from  thence  had  tra- 
versed Sweden  by  land.  The  Baltic  is  there  seen  to  be 
nunre  extensive  than  it  is  now.  Btft  who  does  not  know 
that  upon  all  the  old  charts,  unskilful  designers  and  en- 
gravers have  rounded  the  capes,  contracted  or  extended 
the  islands,  and  marked  out  the  seas  according  to  their  own 
fancy  ?  How  can  we  allow  so  great  authority  to  general 
maps,  constructed  in  ages  in  which  there  was  not  one  special 
map  projected  with  any  care  ?  The  decisive  argument  in 
favour  of  the  stationary  condition  of  the  Baltic,  for  twenty 
centuries,  is  the  identity  of  so  many  names  of  provinces  and 
districts,  known  in  the  ancient  history  of  the  north,  with 
those  which  are  still  applied  to  the  same  places ;  the  resem- 
blance of  the  country  as  it  now  exists,  with  that  which  we 
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BOOK    fead  of  in  ancient  history ;  the  ancient  ciAebrity»  in  Scandi- 
^^™*  naviai  of  countries  which  could  not  evto  bare  existed,  if 
we  admit  the  hypothesis  of  Celsius,  the  absolate  silence  of 
pejmlai*  traditions,  and  of  ancient  Scaldic  poetrf,  which 
wonM  not  hare  failed  to  preserve  some  brief  reccflleetions 
ef  so  great  and  so  memorable  a  change.    In  shorty  if  the 
Baltic  sea  has  diminished,  such  an  occarrence  mast  ke  rea- 
red to  those  remofte  periods,  inyolved  in  the  obscurity  of 
ages^  when  perhaps  some  very  great  catastroipbe  caused  a 
general  drying  of  {he  ocean,  which  covered  a  great  part  of 
the  earth.    But  if  such  a  change  has  taicen  place,  it  is  cer- 
tainly an  event  altogether  unconnected  with  the  order  of 
nature  tinder  which  we  live,  and  with  a  successive  dimioa- 
tion  of  the  present  sea.* 
Diminution     A  loss  bold  hypothesis  may  be  proposed  wifli  regaH  t9 
tic,  bj  the  the  Baltic  sea.    We  may  attribute  scdely  to  the  clearing  of 
clearing  of  pijiimid^  ^ud  some  exteusive  Russian  provinces,  as  well  as 
to  the  successive  destruction  of  forests  in  the  nortfa^  a  suc- 
cessive dindnution  in  the  quantity  of  river  water  flowing 
info  the  Baltic  sea ;  consequently  this  sea,  once  a  litHe.more 
elevated  than  the  northern  sea^  and  that  of  the  ocean,  will 
have  sunk  to  tlie  general  level  of  other  seas.     Not  oaly 
does  the  clearing  of  the  ground  sometimes  diminiah,  and  at 
otlier  times  increase,  the  quantity  of  running  water  in  a 
country;  but  it  also  changes  the  atmospherical  oonstittttioa; 
it  renders  it,  generally  spealdng,  wanner,  consequently  it 
augments  the  evaporation  which  daily  takes  ^ace  at  the 
surface  of  the  watero.    We  think  that  this  explanation  will 
be  sufficient  to  account  for  all  the  changes  which  are  ob- 
served in  the  level  of  inland  seas. 

We  have  seen  flie  effects  produced  by  tlie  Baltic  sea :  wo 
have  seen  the  island  of  Hveen,  the  celebrated  residence  of 
l^cho  Brahe,  diminished  by  the  violence  of  the  waves; 
whilst  a  few  leagues  frbm  thence,  near  the  souHi^ii  point 


new 
grounds. 


Local 

changes. 

Example. 


**  Bring  (since  named  Lagerbring)  <le  Fundamentis  Chronologie  Sneo-Gotbi- 
c»,  p.  48,  50,  55,  73,  76.  Rhyzelius,  Episcopia  Sueo-Gothica,  ii.  MS.  SubiS| 
Esquisse  de  lX)rigine  des  Peuplcs,  p.  11,  &c. 
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of  Scauiay  n  Ishiid  is  form^^  composed  of  sand :  soma   book 
STUB  having  taken  root  th^re,  has  raised  and  consolidated  ^^^i'- 

it  J  and  it  increases  every  year,  without  any  sinking  of  the 

■ciglihooring  sea.  The  straits  through  which  lakes  and  in< 
land  seas  discbarge  themselves,  may  be  compared  to  large 
rivef%  which  often  experience  local  changes  upon  their 


The  frost  contributes  to  elevate  certain  parts  of  the  Bal-  Eflecu  of 
tic  coast    When  the  lakes  and  large  rivers  are  frozen,  the  *^*  ^^*^- 
earth  which  borders  them,  forms,  with  tlie  neigh- 
water,  one  single  mass  of  ice.    If  now,  waters 
whicdi  are  not  frozen,  happen  to  join  the  mass  also  not  fro- 
zen, of  eiAer lakes  or  rhrers,  the  cmstof  ice  must  be  raised, 
and  Oe  fromn  earth  mast  be  raised  along  with  it;  the  void 
whieh  iv  fotmod  below  these  raised  masses  is  filled  by  nmd 
and  grnvel  from  the  bottom  of  the  lakes  and  rivers.    Thus 
after  the  thaw,  the  porous  earth  is  left  lying  on  a  more 
elevated  level  than  it  had  at  first    These  facts  may  be 
observed  every  year  in  East  Bothnia.*    The  marine  ice^ 
snddsaly  broken  by  some  oscillation  of  the  sea,  lifts  up 
whole  rocks,  and  carries  them  further  upon  the  land.    In 
Sweden,,  thsro  are  two  rocks  which  owe  to  this  cause  a  more 
elevated  position  tiian  they  once  had^f    Kalm,  who  hasQ,,^^^. 
made  snch  accurate  observations  on  North  America,  says,  ttons  upou 
that  there  are  considerable  additions  made  to  the  land  inthej^rica. 
ppQfviace  of  New  Jersey,  along  the  rivers,  but  he  attributes 
then  to  tbe  clearing  of  the  country.    Uncultivafted  ground 
covered  with  rocks,  moss,  and  briars,  is  proof  against 
the  infloence  of  ranning  water;   whilst  cultivated  land 
preaeftts  to  the  action  of  the  water  a  surface  rendered 
moveable  by  the  plon§^  and  decomposed  by  the  air  and  the 
sun,  the  small  and  light  particles  of  which  are  easily  carri-  / 

ed  along  by  the  waters.    This  observation  appears  to  us  to 
be  very  correct  and  perfectly  conformable  to  what  we  see 

*  BergmanOi  GCographie  Pbyaiquei  ii.  244,  tqq, 

t  Roneberg,  DisserUtion,  &c.  dans  les  M^m.  de  rAcaddnie  d6  Stockholm, 
1765. 

VOX.  I.  29 


450  BOOK  EIGHTBBMTH. 

BOOK  in  the  north,  especially  in  the  clayey  and  nraddy  groimd.* 
xriii.  It  is  uaelesa  to  enter  into  a  minuter  detail  concerning  otfao* 
quarters  of  the  world.  The  augmentations  of  soil  near  Te- 
hama in  Arabia,  and  the  alleged  submersion  of  the  Bridge 
of  Adaoif  which,  it  is  said,  joined  the  island  of  Ceylon  to 
Indiaf  would  furnish  us  with  a  decided  contrast  From  the 
Voyage  of  Marchus  we  should  learn,  that  notwithstanding 
the  immense  tides,  the  coasts  at  the  mouth  of  the  Indus 
have  not  been  sensibly  changed  since  the  time  of  Alexander. 
Were  we  to  believe  the  Chinese  annals,  we  should  on  the 
other  hand  have  clear  proofs  of  the  progressive  desiccation 
of  the  globe.  But  the  coasts  on  the  north-west  of  America, 
would  present  us  with  traces  of  the  encroachments  of  the 
ocean.  In  short,  all  the  facts  that  have  been  collected,  when 
carefully  examined  and  carefully  weighed,  bring  ue  to  no 
General  Other  couclusion  than  this— that  the  existing  $ea  is  com- 
conclusion,  pj^^y  stationary,  and  that  its  level  falls  and  rises  from  lo- 
cal and  temporary  causes^  without  any  change  in  its  g^ieral 
volume. 

If,  notwithstanding  this  historical  truth,  we  find»  on  the 
continent,  and  even  at  a  considerable  height,  anchors  and 
Remaikt  wTecks  of  vessels,  we  can  explain  these  phenomena  by  ad- 
oi?^Sr^k8  Biitting  a  tradition  recorded  in  the  inspired  pages  of  Moses, 
ofiiiips.  and  ably  defended  by  Deluc  When  the  soil  of  our  present 
continents  formed  the  bottom  of  the  ocean,  there  existed 
another  continent  peopled  with  inhabitants;  a  continent 
which  disappeared  in  consequence  of  a  great  catastrc^he, 
which  at  the  same  time  left  dry  the  existing  habitable 
earth.  The  antediluvians,  therefore,  navigated  above  the 
level  of  our  present  fields :  they  pursued  the  whale  where 
we  now  reap  our  harvest;  they  cast  anchor  upon  oar 
mountains,  which  were  then  rocks  and  islands  in  the 
bosom  of  the  sea.  Whatever  may  be^the  fate  of  this  hypo- 
thesis, Deluc  has  clearly  shewn  that  thtse  ancient  wrecks 
cannot  establish  a  progressive  diminution  of  the  existing  sea«t 

*  Kalm  quoted  by  Browallitis,  i  108. 

t  Deluc,  Lettrca  Physiqucf  et  Mornlef,  ii.  Lettres  89  et  90. 
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Let  US  now  contemplate  the  ravages  of  another  element  book 
The  name  of  volcano,  taken  from  that  which  the  Romans  *▼"'• 
gave  to  the  God  of  Fire,  now  designates  those  mountains 
which  vomit  forth  flames,  smoke^  and  torrents  of  melted 
matter.  The  chimney  through  which  the  smoke  and  melt- 
ed matter  issue,  terminates  in  a  vast  cavity  in  the  form  of  a 
truncated  and  inverted  cone.  This  moutli  of  the  volcano 
is  termed  the  crater. 

The  eruption  of  a  volcano  is  a  most  frightful  and  most  Descrip- 
majestic  phenomenon.  The  signs  which  are  the  forerun-  ianjcenipl 
ners  of  the  explosion,  announce  that  the  invisible  combat  ^o"s« 
of  the  enraged  elements  has  already  commenced.  These 
are,  violent  movements  which  shake  the  earth  afar  off,  pro- 
longed bellowings,  subterranean  thunders,  which  roll  in  the 
sides  of  the  agitated  mountain.  Very  soon  the  smoke, 
^^bich  is  almost  continually  emitted  from  the  mouth  of  the 
volcano,  increases,  thickens,  and  ascends,  under  the  form  of 
a  black  column.  The  summit  of  this  column,  yielding  to 
its  own  weight,  sinks  down,  becomes  rounded,  and  presents 
itself  under  the  appearance  of  the  head  of  a  pine  tree,  hav- 
ing the  lower  part  for  its  trunk.  This  hideous  tree  does 
not  long  remain  immoveable :  the  winds  agitate  its  black- 
ened moss,  and  disperse  it  in  branches,  which  form  so  many 
trains  of  clouds.  At  other  times  the  scene  opens  with  more 
brilliancy.  A  stream  of  flame  rises  beyond  a  collection  of 
clouds,  keeps  immoveable  for  some  time,  and  then  appears 
like  a  pillar  of  fire  which  rests  upon  the  ground,  and  threat- 
ens to  set  the  sky  in  a  blaze.  A  black  smoke  environs  it, 
and  from  time  to  time  intercepts  the  dazzling  brightness. 
A  number  of  lightnings  appear  to  flash  from  the  midst  of 
the  burning  mass.  On  a  sudden,  the  brilliant  cascade  seems 
to  fall  back  into  the  crater,  and  its  fearful  splendour  is  suc- 
ceeded by  profound  darkness.  The  effervescence,  how- 
ever, goes  on  in  th*e  interior  abysses  of  the  mountain ;  ashes, 
dross,  and  burning  stones,  are  projected  in  diverging  lines^ 
like  the  spouts  of  fireworks,  and  fall  around  the  mouth  of 
the  volcano.  Enormous  fragments  of  i*ocks  appear  to  be 
heaved  against  the  skies  by  the  arms  of  the  new  Titans. 
29 
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BOOK    A  torrent  of  water  is  often  thrown  oat  with  inpelnomty, 
^^iilt  and  rolls,  hissing  over  the  inflamed  rocks.    There  is  then 
raised  from  the  bottom  of  the  crater  a  liquid  and  buming 
matter*  similar  to  metal  when  in  fusion.    This  fills  the 
whole  of  the  crater»  and  readies  to  the  very  edges  of  the 
opening.    An  abandant  quantity  of  dross  floats  on  its  sur- 
face,  which  ultimately  i^pears  and  vanishes  as  the  liquid 
mass  rises  or  falls  in  the  crater  where  it  seems  to  boiL  This 
scene*  of  so  majestic  a  character*  is  but  the  prelude  of  real 
^^HM^^disasters.    The  liquid  matter  overflows*  runs  down  the 
sides  of  the  volcano*  and  descends  to  its  base.    There  it 
sometimes  stops*  and  appears  Uke  a  fiery  serpent  recoiling 
upon  itself.    More  frequently  it  dilates  itself  and  gushes 
out  from  beneath  a  kind  of  solid  crust  which  is  formed  19- 
on  its  surface :  it  advances  like  a  large  and  impetuoiis  river* 
destroys  whatever  it  meets  with  in  its  courses  flows  over 
those  obstacles  which  it  cailuiot  overturn*  passes  along  tlie 
ramparts  of  the  shaken  cities*  invades  a  space  of  country  of 
several  leagues  in  extent*   and  transforms  in  a  moment 
flourishing  fields  into  a  buming  flame.    Equal  ravages  may 
be  sustained*.though  the  liquid  matter  called  lavOf  does  sot 
issue  exactly  from  the  top  of  the  volcano:  it  is  sometimes 
too  compact  and  too  weighty  to  be  elevated  to  the  summit; 
its  violent  efibrts  then  occasion  new  ruptures  in  the  side  of 
the  mountain*  through  which  the  igneous  torrent  rushes 
out* 
Oeographj     A  great  chain  of  ignivomous  n^ountains  stretches  aromid 
ofToica.    ^^  ^^1^^  ^^^^^^    rj.^^^  j^l  Ymro,  ChiU*  Peru*  aU  the 


Groat  Toi-  chain  of  the  Andes*  are  full  of  volcanoes.    We  distinguish 

of  uiV  ^   iB  Peru*  those  of  Areqnipa  and  of  Pitchinca;  and  thgjt  of 

gieba.       Coto  Paxi*  whoso  flames*  in  1738*  rose  higher  than  SOOO 

feet*  and  whose  explosion  was  heard  at  the  distance  1^  ISO 

*  Plin.  juD.  EpisL  lib.  ii.  p.  16.  Pindar.  Pyth.  I.  ▼•  35—50  ;  Virg.  Eneid.  JJJ. 
y.  571—582.  Claud.  Rapt.  Proserp.  I.  v.  151—176.  Delia  Torre,  His- 
toire  du  V#suve,  en  Italien.  Haroiltoni  Lettres  eur  let  Eruptions  du  Vi- 
suve.  Dolomieui  Memoirs  Bur  les  Hot  Ponces:  Id.  Voyage  anx  ilet  Lipaiif 
fcc.  I'c. 
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kagnesy  if  we  may  give  credit  to  the  Spaniards.  Chimbora'  book 
fOf  the  highest  mountain  of  the  glohe^  is  an  extinguished  vol-  x^™* 
caao ;  and  fliere  are  a  great  many  others.  Humholdt  has 
seen  the  smoke  of  Antisand  rise  18,000  feet"*  If  we  pass 
the  isthmus  of  Panama*  we  find  the  volcanoes  of  Nicaragua 
and  of  Guatimala.  Their  number  is  infinite:  there  are 
some  which  are  covered  with  perpetual  snow,  and  which  con- 
sequently are  elevated  to  a  great  height. — Then  come  those 
of  Mexico,  properly  so  called ;  namely,  Orizaba,  Popoca- 
teipefly  16,626  feet  high ;  Jorullo,  which  first  broke  out  in 
1759,  lind  several  others,  all  situate  under  the  19th  parallel 
of  latitnde.t  Califbmia  contains  five  volcanoes,  that  are 
BOW  bumihg.  There  can  be  no  doubt,  according  to  the  ac- 
counts of  Cook,  la  Perouse,  and  Malaspina,  that  there  is  a 
nomber  of  very  considerable  volcanoes  on  the  north-west  of 
America.  Mount  Saint  Elie  is  nearly  16,800  in  height; 
these  volcanoes  foMi  the  intermediate  link  between  those  of 
Mexico  and  those  in  the  Aleutian  islands,  and  the  peninsula 
of  Alaschka.  These  last.  Which  are  very  numerous,  both 
extinct  and  burning,:^  serve  to  continue  tiie  chain  towards 
Eamtschatka,  where  there  are  three  of  great  violence.  Ja- 
pan has  eight ;  and  the  island  of  Tormosa  has  several.  The 
volcanic  belt  now  becomes  immensely  wide,  and  embraces 
the  Philippine  islands,  the  Marian  or  Ladrones,  the  Moluc- 
cas, Java,  Sumatra,  tiie  isles  of  Queen  Charlotte,  the  New 
Hebrides,  and,  in  short,  all  that  vast  Archipelago  which 
forms  the  flftii  part  of  the  globe.  These  volcanoes  will  be 
particularly  noticed  when  we  describe  in  detail  these  islands 
in  which  they  are  found.$ 

The  other  volcanic  chains  are  far  from  being  of  so  great  Volcanoes 
extent    There  is  perhaps  one  in   the  Indian  Sea.    The^iaoMM. 
islands  of  Saint  Paul  and  Amsterdam,  the  formidable  vol- 
cano in  the  island  of  Bourbon,  and  the  jets  of  hot  water 

*  Humboldt,  Tableau  des  Regions  Equator^ales,  p.  124. 

t  Humboldt,  Essai  8ur  le  Mexique,  Uv,  iii.  cb.  viii.  p.  253. 
X  Gmelin,  Description  de  la  Russle,  i.  258. 

*  StruycV.  Introduction  i  la  Geographie,  (in  Diitrh)  p.  67» 
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BOOK    in  the  island  of  Madagascar^  are  the  oaly  luiown  links  of 
^▼'"'  this  chain, 

'■"■^""""     The  gulf  of  Arabia  flows  at  the  base  of  the  volcano  of 
Gebd-Tar.    The  neighbonrhood  of  the  Dead  Sea,  and  the 
whole  chain  of  mountains  which  runs  through  Syria,  have 
been  the  theatre  of  volcanic  eruptions.    We  may  be  allowed 
to  connect  these  two  facts* 
vqicanoes      A  vast  volcanic  zone  surrounds  Greece,  Italy,  Germany, 
of  Europe,  und  France.     The  celebrated  revolutions  of  the  Grecian 
Archipelago,  and  those  new  islands  produced  by  submarine 
explosions  are  well  known.    The  summits  <rf  Mount  Etna 
are   next   descried ;    this  mountain    has  burnt   for  3300 
years,*  and  it  is  surrounded  by  extinguished   volcanoes 
which  appear  much  more  ancient    The  islands  of  Lipsri 
seem  to  owe  their  origin  to  the  volcanoes  which  they  con- 
tain.   Vesuvius  has  not  always  been  the  only  ignivcHDoiis 
mountain  in  the  kingdom  of  Naples,  another  still  larger, 
but  extinguished,  has  been  discovered  near  Hocca  Fina.t 
The  Solfatara  is  ranked  under  the  same  class.    The  Ponce 
islands,  or  island  of  Ponza,  are  of  volcanic  origin ;  the  ca- 
tacombs of  Rome  are  excavations  from  the  lava.    Tuscany 
abounds  in  hot  and  sulphureous  springs,  and  other  indica- 
tions of  volcanoes.    Arduini  observed  in  the  environs  of 
Padua,  Verona,  and  Vicenza,  a  great  number  of  extin- 
guished volcanoes.    Dalmatia  has  several.  It  was  long  sus- 
pected that  a  district  in  Hungary  nourished  subterraneous 
fires  in  its  bosom ;  the  eruption  of  a  volcano  haa  recently 
evinced  the  truth  of  the  conjecture.    Germany  contains  a 
great  number  of  extinguished  volcanoes ;  the  best  known  of 
which  are  those  of  Kamberg  in  Bohemia,  Transberg^  near 
Gottingen,  and  those  near  Bonn  and  Andemach,  upon  the    i 
borders  of  the  Rhine.    The  southern  part  of  France  is  full 
of  extinguished  volcanoes,  amongst  which  Mount  Cantal,  the 
Puy-de-Dome,  and  Mount  d'Or  in  Auvergne,  are  the  most    | 
conspicuous.^ 

*  Gu^nau,  see  the  French  part  of  the  Collect.  Academ.  vol,  tI.  p.  489* 

t  ScipioDe  Breislack,  Topographia  Campanie  ;  and  le  Journal  da  Fhyuqpt 

Pan  Tiii. 

i  Bfiroldingen,  Volcans  Anciens  et  Modernes,  conetdei^e  pbysiquenent,  I'c. 

MaoheSm,  1791,  2  vols,  (in  German.) 
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The  Western  is  not  like  the  Great  Ocean,  encircled  by  a    book 
chain  of  ignivomous  mountains,  but  it  contains  in  its  bosom   ^^^^i* 
several  groupes.    If  the  principality  of  Wales,  the  island  ^^J^][Jj^ 
of  Staffa,  and  some  parts  of  Scotland  and  Ireland,  exhibit  of  the  ai- 
only  equiyocal  proofs  of  the  existence  of  extinguished  volca-  {^J^^, 
noes,  Iceland  presents  to  our  view  its  Hecla,  its  Kotlouguia, 
and  several  other  volcanoes,  which  rise  from  the  midst  of 
perpetual  snow.    This  volcanic  focus  is  one  of  the  most 
active  in  the  globe;  the  very  bottom    of  the  ocean  is,  in 
these    regions,  agitated,  and  the  waves  often   heave  up 
whole  fields  of  pumice  stone,  or  with  convulsive  throes  give 
birth  to  permanently  new  islands.    Several  circumstances 
lead  us  to  suppose,  that  there  are  some  volcanoes  in  the  in- 
tmor  of  Greenland.    That  frozen  country  experiences  the 
shocks  of  earthquakes. ' 

The  middle  of  tiie  Atlantic  Ocean  conceals  another  vol- 
canic focus,  of  which  the  Azores  and  Canary  islands  have 
felt  the  effects.  The  Peak  of  Teneriffe,  which  is  11,400 
feet,  is  tiie  most  elevated  volcano  in  the  old  world.  It  is 
very  probable  that  Lisbon  has,  in  its  vicinity,  a  submarine 
volcano. 

The  Antilles  probably  contain  a  whole  system  of  vol- 
canoes, parts  of  which  are  recognised  in  Jamaica,  Ouada- 
lonpe,  and  Grenada. 

We  may  also  mention  some  volcanoes,  which  are  de-  Scattered 
tached,  or  which  belong  to  groupes  little  known.  Such  are 
Mount  Elburtz  in  Persia,  the  extinguished  volcanoes  of 
Baourie,  discovered  by  Patrin;  perhaps  some  volcanoes 
to  the  north  of  China.  That  which  is  seen  in  Fuego,  one 
of  the  Cape  Yerd  islands,  and  those  which  the  Portuguese 
authors  point  out  in  Guinea,  Congo,  and  Monomotapa. 

It  follows  from  this  general  survey  of  volcanoes,  that  General 
Hiey  are  most  numerous  in  ilie  neighbourhood  of  the  sea, 
and  in  islands.  Nevertheless,  there  are  many,  however, 
which  do  not  appear  to  have  any  communication  with  the 
sea.  Another  general  fact  is,  that  the  craters  of  volcanoes 
burst  forth  in  all  kinds  of  granitic,  schistous,  argillaceous, 
primitive  or  secondary  rocks;  but  there  is  nothing  to  tlirow 
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BOOK  ligiit  upon  another  question  viiich  more  uiteeeliii|t  ia 
^^^"*  what  species  of  rock  or  earth  the  fbcua  of  these  inQieBae 
and  awful  fires  is  placed?  The  eolation  of  this  qveetioA 
inrolves  that  of  the  origin  of  volcanic  fire^  which  baa  been 
so  long  and  so  keenly  agitated. 
Origin  of  Bouelle,  DesmaretSy  and  other  pbilosophersy  attribote 
volcanic  ^^  origin  of  volcanic  fire  exclusively  to  the  inflaauoatimiot 
bitunien,pitrcoal,  fossil  woodf  and  turffOrpeat.  Anezplaaa* 
tion  more  generally  received  has  heen  proposed  hy  Leneijy 
who  ascribed  the  volcanic  phenomena  to  the  spontaneout 
inflammation  of  pyrites,  and  who,  by  a  striking  egcparimea^ 
has  rendered  this  hypothesis  highly  probahle.  He  fimned 
a  mixture  of  50  pounds  of  iron-filings  and  solphiur^  whicbi 
after  moistening  it,  he  buried  in  the  ground  at  a  certain 
depth ;  the  mixture  became  gradually  heated,  and  at  last 
took  fire  with  a  great  explosion** 

Most  naturalists  combine  these  two  opinioBa,  considering 
pyrites  as  tlie  foundation  and  cause  of  volcanic  fire,  whils 
the  vast  masses  of  bituminous  and  carbonaceoos  schisti 
which  are  often  met  with  stratified  in  the  same  tocka,  serre 
as  fuel  to  tlie  subterranean  fire,  which  becomes  extinguiah* 
ed  when  it  can  find  no  more  nourishmentf 

Difficulties,  however,  still  remain*  Fragments  ot  gra^ 
nite,  which  the  volcanoes  project,  and  which  seem  to  indi* 
cate  the  place  of  their  focus  under  primitive  rock  itself; 
the  long  period  of  the  activity  of  certain  volcanoea;  the 
impossibility  that  the  neighbouring  earth  could  fivoish  sock 
copious  ejections  witliout  becoming  excavated,  and  ainkim 
down;  the  inconceivable  force  with  whidi  heavy  masses  i 
matter  are  prqjected  to  immense  heights ;  and,  besides  the 
astonishing  force,  and  the  sndden  eiqilosion,  the  peculiar 
nature  of  volcanic  fusion,  which  rarely  produces  vitrifica- 
tion, and  which  appears  oftener  to  digest  and  concoct  tiiaa 
to  burn ;  these  are  circumstances  which  have  led  not  a  few 

*  Memoir  de  TAcad.  1700.  This  experiment  has  been  repeated  in  HoIIaoJ. 
Journal  de  Physique,  1794,  Sine  cahier. 

t  Bergmann,  Geographia  Physique,  ii,  S14,  tW,  PaUas,  Obterv.  tiirlM 
Mont,  p.  54,    Delamithrri^,  Tbeorie  de  la  Tf  rro,  f  i  1011,  1020, 
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natonlisb^  wall  versed  itt«Bchdb8eiTati9ni»  to  eitppd^  book 

tk  feserroin  of  volcanoes  esist  at  a  very  great  deptb^  and  xviii. 
that  their  activiiy  is  owii^  to  more  go&eral  caaaes,  each  as 
dectridtyf  or  tlie  elastic  gaaea  incloaed  mthin  the  boaom  of 
the  globes* 

Delac  tiunb  that  the  focus  of  volcanoes  is  in  acertaaii  re* 
sMae  of  the  priautive  fiaidi  in  which,  according  to  him,  the 
earth  was  furnied,  and  that  the  volcani&fire  is  of  a  chemical 
nBtara  very  diflhuant  from  that  of  all  known  fires-f 


We  oeoM  to  a  dreadfol  phmomenon  intimately  oonneet-  Earth* 
edwith  volcanic  enqytions— earthquakes,  those  convulsive  ^''*^'' 
moTsments  which  shake  the  surfiace  of  the  earth,  whether  in 
T^hormmM  direction,  with  undulations  similar  to  those  of 
llie  sea,  or  verticallif,  when  a  part  of  the  ground  is  raised 
uff  and  the  other  part  sinks  down  as  into  a  gulf,  or  siftti- 
larig,  "when  ponderous  masses  of  rocks  and  earth  revolve  as 
it  were  «mi  a  pivot  These  are  the  three  kinds  of  motion 
distinguished  by  Italian  writers  who  are  well  acquainted 
with  these  phenomena.:^ 

Earthquakes  produce  the  most  calamitous  effects:  they Dewijption 
often  chai^  the  surface  of  a  country  in  such  a  maimer  f/c^!''^^* 
tbt  it  is  difficult  to  recognise  it  Enormous  gaps  appear 
to  tUflcover  to  the  eyes  of  the  living  the  empire  of  the  shades* 
These  fissures  emit  bluish  flames,  and  deadly  vapours;  in 
the  course  of  ages  they  form  new  valleys*  In  other  places 
mountains  are  swattowed  up  or  overthrown ;  often  detach- 
ed from  one  aniolher,  they  glide  along  upon  the  tower 
ground,  and  as  the  force  with  which  they  are  impelled  ro< 
doubles  at  every  moment^  these  ambulatory  rocks  bound 
over  both  valleys  and  hills.  Here  the  vineyard  descends 
from  ite  height  and  settles  ui  the  midst  of  fields  of  corn} 

*  Dolonieay  Jooraa)  de  Physique^  an..vi*  p.  408.    Faajas  St«  Fondy  nir  tea 
VolcaoB  du  Vivaraif,  id.    Min^ralog,  des  Volcans,  id,    Essai  de  Geologic,  ii. 

t  Dehw,  Lettres  k  Blomenbacb,  kc. 

t  Beitraady  ear  lea  trenUemena  de  la  tene.    Odleniicu,  Memoirt  tor  le 
tf^nblemeDt  de  la  Calabre.    Hamilton,  &c.  &c.  Bartels,  Lettres  sur  la  Gala- 

brf. 
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BOOK   fliere^  fiturms  with  their  gardens,  lifted  without  separatingt 
*^^"''  become  attached  to  distant  villages.    In  one  quarter,  new 
*"■"■"""  lakes  are  formed  in  the  midst  of  the  earth,  in  another,  rocks 
hiflierto  inirisible,  suddenly  rear  their  wet  summits  from 
the  bosom  of  the  foaming  sea.    Springs  are  stopped,  liTers 
disappear  and  lose  themselves  under  ground;  others,  choked 
up  by  fragments  of  rocks,  spread  out  into  vast  marshes. 
New  springs  gush  out  from  the  shattered  sides  of  the  moun- 
tain, incipient  rivers  struggle  with  youthful  impetuosity, 
and  endeavour  to  hollow  out  a  channel  for  themselves  amid 
the  ruins  of  towns,  palaces,  and  temples. 
I^n^a  ^     What  makes  earthquakes  still  more  dreadftil  is,  that  there 
qntkes.     ft^e  no  Signs  which  unequivocally  indicate  either  their  ap- 
proach or  their  termination.    They  happen  at  all  seasons, 
and  under  every  constitution  of  the  atmosphere.    A  subter- 
raneous noise  indeed  is  their  infallible  forerunner;  but  it  b 
scarcely  heard  before  the  earth  gives  way.    Animals,  partt- 
cnlarly  horses,  dogs,  and  fowls,  shew  by  their  terror  a  pre- 
sentiment* of  its  coming.    The  barometer  falls  extremely 
low. 

EarOiquakes  act  with  astonishing  rapidity.  It  was  one 
single  shock  which,  on  the  5th  February,  1783,  ovwUirew 
Calabria,  and  destroyed  Messina  in  less  than  two  minutes. 
But  these  agitations  are  sometimes  repeated  for  the  space 
of  months  and  whole  years,  as  in  1755. 
Direction  The  direction  of  earthquakes  is  one  of  ttie  most  reraark- 
iqulkes.'  ^^1®  f^^  in  physical  geography.  Sometimes  we  remaik  a 
central  point  where  the  shocks  are  most  violent,  and  this 
centre  sometimes  changes  its  place,  as  if  the  subterraneous 
force  rebounded  from  one  point  to  another,  sometimes  we 
ean  distinguish  a  certain  line  along  which  this  force  seems 
to  move.  The  sphere  of  such  a  revolution  seems  oftrai  to 
embrace  a  fourth  part  of  the  terrestrial  globe.  The  earth- 
quake which  caused  such  devastations  at  Lisbon  was  felt  in 
Greenland,  in  the  East  Indies,  in  Norway,  and  in  Africa. 
That  of  1601  shook  all  Europe  and  a  part  of  Asia.    Is 

*  Seneca,  Judit.  nat,  vi«  1,  29. 
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1803  the  sbock  was  felt  almost  simultaneously  at  Algiers,  book 
in  Greece,  at  Constantinople^  Bukarest^  Kiow,  and  Mos-  *^*'' 
cow.  — — — 


No  part  of  the  globe  appears  to  be  exempted  from  these  Generality 
terrible  effects.  The  Alps  contain  no  trace  of  a  volcanic  °oJSn?'" 
agency,  and  yet  they  are  often  shaken  by  earthquakes.* 
The  silver  mine  at  Konigsberg  in  Norway  was  first  opened 
up  to  view  by  a  shock  in  1603;  the  finozen  zone  also  is 
ever  sabject  to  earthquakes.  Greenland  feels  frequent 
shocks;  and  in  1758  Lapland  experienced  violent  commo- 
tion. 

The  sea  often^  but  not  always,  shares  in  the  convulsions  Shakings  of 
of  the  earth.    In  1755,  the  waters  of  the  Tagus  rose  sud-  ^  "**' 
denly  to  30  feet  above  their  ordinary  level,  and  retired  im- 
mediately with  such  force,  that  the  middle  of  the  river  was 
observed  to  be  dry.     Four  minutes  afterwards  the  same 
phenomenon  recurred,  and  it  was  three  times  repeated. 

Similar  motions  occurred  the  same  day  at  Madeira,  at 
Gaudaloupe,  and  at  Martinique.  In  the  earthquake  which 
proved  destructive  to  Lima  in  1746,  the  ocean  had  a  move- 
ment of  the  same  nature ;  but,  proportionate  to  the  mass  of 
water  which  was  thrown  into  agitation,  it  rushed  forwards 
upon  the  land  for  a  space  6f  several  leagues.  All  the  large 
vessels  which  were  in  the  port  of  Callao  were  swallowed 
vp:  all  the  small  craft  were  driven  beyond  the  town. 
Navigators  assure  us,  that  ships  are  very  often  dread- 
felly  tossed  by  a  sudden  and  convulsive  motion  in  the  sea^ 
very  similar  to  those  which  shake  the  land.  These  agita- 
tions of  the  sea,  perhaps  take  place,  though  there  is  no 
corresponding  shaking  of  the  earth.  At  other  times  they 
are  the  effect  of  submarine  shocks  in  the  very  bottom  of  the 
ocean. 

The  causes  of  these  catastrophes  are  not  well  ascertain-  cauies  of 
«d-    It  appears  that  there  are  several  concurring  causes,  q^J^Jg 
of  a  very  diflferent  nature.    Some  slight  shocks  arise,  with- 
^t  doubt,  from  fallings  in  of  the  ground,  and  subterra- 

*  Collect.  Acad,  vol.  vi,    DelaroCtherie,  Theorie  de  la  Terra,  ♦  10«7. 
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I  siiduBga^  wbidi  take  place  after  great  dnmglitB.    At 
^K^*^>*  other  times  the  ahocks  may  be  pradnoDd  by  tte  temstrni 
'  and  atmospherical  electricity^  which  seeks  to  recoyer  its 

aquilibrinm.  These  phenomenay  the  reality  of  which  can 
scarcely  be  contested^  depend  upon  the  temporary  constttn* 
tioB  of  the  seasbas^  The  moat  generally  recelTod  ^qpinioa 
attribntes  earthquakes  to  dastk  vapmws  enclosed  in  sabter- 
raneons  cavities^  whether  they  arise  firom  the  abvndaiice  of 
rain  collected  in  the  craters  of  volcanoes^  or  are  diaengagwl 
firom  the  inflammable  substances  with  which  the  subttf- 
raneoos  rivers  or  waters  of  the  sea  may  come  in  contact; 
«*«  flaally^  are  extrtcatod  by  the  fermentation  of  tbst  sobter- 
rUneons  fluids  which  Ddoc  supposes  to  be  the  residue  <tf  tbo 
saltwaters  of  the  globe.  Them  vapours  become  diluted  by 
heat,  and  in  seeking  an  outlet  they  raiae  up  or  alMdoe  the 
earth*^ 

If  tliis  last  hypothesis  be  true,  as  many  circumstaiicef 
lead  us  to  suppose,  the  Japanese  have  not  been  wfoag  in 
saying  that  it  is  a  great  submarine  dragon  which  raises  up 
the  eartti  by  its  breathing.    A  similar  tradition  prevails  in 
the  mythology  of  the  Scandinavians,    it  b  probably  in  slla- 
tton  to  this,  that  Homer  has  given  to  Neptune  the  epithet  of 
Bnmasigaiosp  that  is,  he  who  shakes  the  earth. 
The  raising     We  have  not  attempted  to  diminish  the  terror  which 
iiaftb.^'    earthquakes  invariably  inspire,  but  we  must  however  con- 
tradict the  framers  of  systems,  who  have  exaggerated  the 
effects  with  the  view  of  exhibiting  in  them  the  sole  cause  of 
the  revolutions  which  have  happened  on  the  surface  of  the 
globe.    There  is  no  example  in  the  records  of  aatheatic 
history,  of  any  land,  or  considerable  island  having  been 
fomed  by  a  volcanic  eruption,  or  by  an  earthquake;  the 
most  considerable  heaving  up,  which  is  known,  is  that  of 
the  volcanic  ground  of  JarMo,  in  Mexico,  which  took 
place  in   1759*    For  the  space  of  half  a  square  hngue^ 
flames  wwe  observed  issuing  from  the  plain;  fragments 
of  burning  rocks  were  thrown  up  to  a  prodigtous  height; 

^  Ocluc,  Leiue*  &  Blumenbach,  p.  164, 184.  French  edition. 
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uid  thim^li  a  fhicfc  cloud  of  cindors^  streaked  vtth  voica*   M#x 
nic  firesy  tke  spectators  thought  that  thej  saw  the  softeaed  x^ui* 
crust  of  the  earth  swelling  up.    In  the  midst  of  the  heaved  '^"'"'"* 
op  earth,  which  is  about   500  feet  in  deratioii^  several 
UuNisanda  of  little  yolcanic  cones  arise^  sending  forth  their 
smoke,  and  occasioning  a  subterraneous  noise.    Annagst 
tlieae  small  Tolcanoes  six  great  ones  rear  their  heads,  ta  the 
height  of  about  1500  feet  above  the  ancieat  level  of  flw 
plain. 

Strabo  speaks  of  a  piece  of  ground  beiAg  raised  up  near 
Methone^  in  Greece^  to  the  height  of  seven  stadiat  which^ 
taking  the  stadium  at  1111  to  the  degree,  must  have  beea 
more  than  S200  feet  We  are  informed  of  a  volcano  of  cntf 
Biderable  elevation  in  the  island  of  Timor,  which  sank  en- 
tirely down,  leaving  in  its  place  nothing  but  a  muddy  nmrsk* 
It  follows  from  these  and  similar  examples,  that  the  ground 
which  has  been  either  elevated  or  swallowed  up  by  the  vol* 
caeic  force,  consists  only^of  those  masses  of  burning  or  sco* 
riiied  rocks,  which  form  the  chimneys  of  the  volcano^  and 
which,  when  projected  from  its  mouth,  almost  immediately 
bU  back  around  the  orifice.! 

Even  the  phenomena  of  Jorullo  accord  with  this  theory; 
The  thofisands  of  little  volcanic  chimneys,  which  were  form* 
ing  at  the  same  moment^  presenting  the  appearance  of  a 
heaving  up  of  the  ground. 

All  that  has  been  said  as  to  islands  having  been  created  Of  Um  mw 
or  swallowed  up  by  volcanoes,  is  reduced  then,  to  the  aim*  1^^ 
pie  bet  of  the  existence  of  submarine  volcanoes,  which  some* 
tinies  elevate,  and  sometimes  destroy  the  edges  of  flieir 
crater. 

We  shall  elsewhere  develope  this  general  observationf 
when  we  come  totracethehistory  of  the  island  of  SantxNriayj: 
the  best  known  example  that  there  is  of  these  kinds  of  re* 
volution.    We  may  safely  conclude^  that  the  islands  actual- 

*  Humboldt,  Essai  sur  la  Mezique,  249—858.    Beroldiogen^  Volcani  an* 
ciens  «t  ffiodenies,  I. 
^  DeluC)  Traits  6I«inentaire  de  geologic,  ii  210—214. 
^  ?ee  in  a  subsequent  volume,  the  Description  of  Turkey  in  Europe. 
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BOOK  ly  created  or  destroyed  by  volcanoes  can  be  only  of  very  li- 
KTiii*  mited  extent,  and  that  the  pretended  catastrophes  of  Aflan- 
tis  and  Frislande,  of  which  we  have  given  the  true  explana- 
tion in  another  part  of  this  work,  cannot  be  ascribed  to  vol- 
canic eruptions  by  men  accastomed  to  examination  before 
they  believe. 
Muddy  Nearly  allied  to  volcanic  convulsions,  are  eruptions  of 
•ruptions.  mmf^  |^  phenomenon  which,  from  time  to  time,  takes  place 
in  volcanoes,  but  which  occurs  also  independently  of  tiliem, 
and  as  the  eflfect  of  causes  peculiar  to  itself  MaecahbOf  in 
Sicily,  is  the  most  celebrated  amongst  the  terrvwmm 
mountains,  to  call  them  so.  In  its  ordinary  state,  mud, 
half  fluid,  is  observed  to  boil  up  in  the  craters,  or  funnels, 
which  terminate  each  of  the  small  protuberances  ndsed  up 
on  this  mountain,  or  rather  upon  this  clayey  hill.  The 
mud  rises  in  half  globes,  and  falls  down,  after  having  mt- 
ted  a  bubble  of  air ;  but  there  are  epochs  when,  afto*  a 
great  rain,  all  these  small  craters  disappear,  the  whole  mass 
of  the  mountain  ferments,  subterraneous  thunders  are  heard, 
and  a  quantity  of  mud  and  stones  spouts  forth  to  the  heigbt 
of  £00  feet  Not  far  from  Boulogne,  several  quagmires, 
The  Salsef.  called  the  Salses,  situated  in  rising  grounds,  composed  of 
saline  and  alkaline  earths,  exhibit,  on  a  small  scale,  similar 
phenomena,  emitting  occasionally  smoke  and  flames.*  The 
town  and  port  of  Tamar,  in  the  Crimea,  upon  the  border 
of  the  Black  Sea,  contain  several  hills,  whence  issue  muddy 
eruptions.  One  of  them  has  been  seen  to  dart  forth  flames. 
In  the  Crimea  also,  and  opposite  the  town  of  Temrak,  an 
island  was  raised  in  the  middle  of  the  sea  in  1799,  whichi 
after  having  cast  forth  mud,  flames,  and  smoke,  disappear- 
ed under  the  waves.  Upon  a  tongue  of  land,  opposite  Ta- 
man,  there  was  a  hill,  called  in  Tartar  Klmk-Obo,  which  k 
1794  experienced  a  terrible  explosion.  A  column,  of  a 
pale  red  fire,  shot  up  from  it,  to  nearly  300  feet  in  beightt 
and  mud,  mixed  with  bitumen,  was  projected  to  the  dis- 

•  Dolomieu,  Voyage  aux  Isles  Lipari,  in  fine.    Compare  Spallanzanrs  V>- 
arcs,  V.  222,  227,  French  translation. 


FHTSICAX  GXOOSAPHT.  463 

tanceofa  qaarter  of  a  league.*  The  whole  projected  mass  book 
was  computed  to  amount  to  100,000  cubic  feet;  according  ^▼"i* 
to  Pallas  it  consisted  of  a  bluish  clay.  - 

The  Chrawingj  or  Increasing  MmniainSf  which  are  met 
with  at  the  foot  oi^  Caucasus,  near  Bakow,  and  near  the 
mouth  of  the  river  Kur,  belong  to  the  same  class.  They 
are  produced  by  springs,  which  throw  out  a«8alt  claggy 
mud;  and  in  this  manner  hills  above  400  feet  high  are 
formed*!  Volcanoes  themselves  throw  out,  though  with 
greater  Yiolence,  substances  dissolved  in  water.  Those 
which  crown  the  chain  of  the  Andes,  near  the  city  of  Quito^ 
«mit  only  a  small  portion  of  scorie,  hut  an  enormous  quan- 
tity of  water  and.  clay,  combined  with  carbon  and  sulj^ur.:^ 
These  examples  may  suffice  to  show,  that  the  eruption  of 
eirthy  substances  in  watery  solution,  far  from  being  an  in- 
sulated and  unimportant  phenomenon,  forms  even  to  this 
day  one  of  the  most  remarkable  sources  of  the  changes 
which  have  taken  place  on  the  surface  of  the  globe;  and 
that  in  former  ages  it  probably  had  a  very  great  influence 
in  the  formation  of  our  mountains.  We  think  we  may 
ascribe,  if  not  to  the  same,  at  least  to  a  similar  cause,  the 
origin  of  the  coagulated  rocks  known  under  the  name  of 
BasalL 

It  is  thus  that  all  the  elements  of  nature  are  armed  forCoucia- 
mutual  destruction.  What  are  those  revolutions  that  we"^°* 
behold,  in  comparison  of  those  which  must  have  operated 
together  in  the  creation  of  the  world,  and  which  perhaps 
are  one  day  destined  to  accomplish  its  final  destruction. 
May  not  those  stars,  those  suns  without  number  which 
guide  the  mariner  in  the  midst  of  the  pathless  deep^  be  in 
a  moment  [extinguished  ?  May  not  this  arch  of  the  globe 
which  supports  us,  give  way  beneath  our  feet  ?  Is  not  the 
equilibrium  of  the  seas  liable  to  be  subverted,  and  will 
i^ot  the  foaming  billows  one  day  roll  over  these  continents 

*  Pallas,  Voyage  dans  la  Russia  meridionale. 

^  Lerch,  Voyages  cit^s  par  Georgi,  Description  de  la  Russie,  1. 114. 

t  Humboldt,  Tableau  des  regions  cquatorealee,  130. 
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wkieh  arc  at  pnaoat  owwed  with  A*  ■oauMirts  of  1 
^^n^M«<i7?  May  not  tke  earth  approach  loo  near  to  the 
aan,  and  be  swallow  up  by  it  ^e  a  drop  in  the  ocean? 
May  it  not  wander  into  those  iwaote  and  ^oaiy  regions 
of  spaoa^  lAere  the  solar  heat  is  tooftobk  to  si^orttiM 
fsindpla  of  lifsY  Bmw  frighlM  wobU  it  he  to  eslst  ia 
the  ludst  of  tbsse  parfidiooB eleinents^  in  the hosoM elthis 
pstishahle  wuT«ne»  wifliovt  the  csmtuUi^  ttoaght  sf  a 
snprane  intsUiserce,  that  both  checks  and  wislds  at  viU 
thefomiidahleandbUBdpowemsfnaiaie}  Itisoalytbe 
hdiaf  in  an  ordet  ef  tfaiaga  superior  to  Batter*  in  a  manl 
Jmnrid,  that  can  fortify  ns  againat  the  teron  by  wUdi  ou 

phgaiMl  crtitence  is  every  whan  i 
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BOOK  XIX. 

Can&MuUion  of  the  Theory  of  Qe^^raphy.  View  of  Geo- 
h^gieal  SystemSf  or  Opinums  regardins  the  FomuiHon  of 
the  Globe. 

Ik  the  course  of  this  work^  we  hare  seen  that  the  jfhj^   ^ook 
steal  geographer  cannot  refrain  from  connecting  together    xix. 
certain  facts,  which  frequently  recur,  and  deducing  from  -—— 
them  general  conclusions.    He  is  even  forced  sometimes  to 
present  facts  in  an  hypothetical  manner,  because  observers 
have  furnished  him  witii  their  remarks  under  that  form.  But 
physical  geography  aflbrms  nothing  which  is  not  established 
by  experience.    Systems  of  geology,  on  the  contrary,  have 
for  their  professed  object  to  trace  the  progress  of  unknown 
revolutions,  by  the  assistance  of  monuments  which  are  often 
equivocaL 

The  aufliors  of  such  systems,  in  the  absence  of  positive 
&ct8,  do  not  scruple  to  call  in  the  aid  of  analogy,  and  tiius, 
by  hypothesis  after  hypothesis,  they  analyze  and  recom- 
pound  the  vast  globe  of  the  earth,  as  if  it  were^  a  piece  of 
metal,  which  the  chemist  could  fuse  in  his  crucible. 

We  shall  endeavour  to  prove,  fliat  this  pretended  sci- 
ence, or  speculative  geology,  promises  no  certain  results, 
since  it  oversteps  the  evidence  of  facts,  that  is,  since  it 
deviates  from  the  sure  and  beaten  paflis  of  physical  geogra- 
phy. 

In  the  first  place,  the  portion  of  the  globe  which  is 
known  to  us,  does  not  constitute,  at  the  very  utmost,  the 
thousandth  part  of  its  entire  mass.  Our  excavations  do 
little  more  than  scratch  the  surface  of  the  earth ;  our  geo- 

VOL.  I.  50 
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BOOK    logists  have  surveyed  with  attention  scarcely  the  half  of 
SIX.    Europe^  or  the  tenth  part  of  America  and  Asia;  tiie  db- 

r~"  servations  which  have  been  made  are  extremely  few  ;  and 

cy'ofgeo-'yet  unbounded  scope,  has  been  given  to  speculation.     We 
logical  ob-  JQ  QQ^  know  whether  the  interior  of  the  globe  is  composed 

serrations.     *       ,    ,  -  ^     ,,  •  .^         ^ 

of  substances  analogous  to  those  occurring  on  its  surfiKep 
or  consists  solely  of  a  mass  of  sand ;  whetho*  it  contains 
within  a  central  fire  which  continually  bums,  or  a  vast  re- 
servoir of  primitive  waters;  or  whether^  finally^  the  |^obe 
is  only  a  hollow  sphere,  filled  with  air  and  vapours.  As 
to  these  matter^  we  know  nothing  whatever,  and  can  by 
no  arguments,  astronomical  or  physical,  prove  either  the 
truth  or  the  falsity  of  any  of  these  opinions.  In  tlie  vast 
and  unexplored  recesses  of  the  globe,  it  is  possible  that 
there  may  lie  concealed,  agents  so  active  and  so  powerfiil, 
that  to  them  the  various  revolutions  which  the  earth  has 
undergone,  may  hav^  been  the  work  only  of  so  many  mo- 
ments. 

As  long  as  tiie  interior  of  the  globe  remains  unknown  to 
us,  the  conclusion  which  we  may  draw  from  tac^  observed 
on  the  surface^  can  be  no  more  than  probable  in  refiBrenoe 
to  these  facts;  but  whenever  we  attempt  to  combine  the 
conclusions  in  order  to  form  a  general  system,  their  unco*- 
tainty  will  clearly  appear;  for,  opposite  to  a  finite  sum  of 
probabilities,  however  strong  we  may  suppose  them,  thoe 
shall  arise  an  infinite  sum  of  unknown  ternu^  of  which  ime 
alone  may  perhaps  be  sufficient  to  counterbalance  all  our 
probabilities. 
Value  of  It  is  in  vain  to  compare  geological  hypoflieses  with  those 
ilf  geoio^'  ™<^  ^^^  ^^  ^^  astronomy,  natural  philosqihy,  and  che- 
mistry. The  theory  of  attraction,  for  example,  is  purely 
and  simply  a  mode  of  stating  a  fact  fiimished  by  observa- 
tion; it  is  a  formula  for  computing  the  known  effects  of 
certain  unknown  forces,  as  to  flie  nature  of  which  no  opi- 
nion is  expressed.  But  the  aufliors  of  those  philosophical 
poems,  improperly  called  theories  of  the  earth,  will  not 
confine  themselves  to  the  stating  of  facts ;  they  have  re- 
course to  mere  suppositions.    But,  what  is  more,  even  fects 
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in  geology,  however  completely  they  have  been  estabUaliody    book 
cannot  be  expressed  in  mathematical  terms ;  they  are  in*     ^^^ 
ca|>aUe  of  being  subjected  to  calculation.    We  therefore 
apprehend  fliat  chemistry  and  physics,  far  from  famishing  ^||'",1^°/„j 
arms  to  extend  the  empire  of  geology,  must,  on  the  con-  cbemUtrj. 
trary,  disavow  the  premature  and  too  general  application 
that  has  been  made  of  some  theoretical  principles,  of  which 
philosophers  and  chemists  have  availed  themselves  only  in 
questions  of  doubtful  speculation.    Philosophy  may  admit, 
withoDt  complete  proof,  the  existence  of  a  gravitating,  a 
calorific,  an  electrical,  a  magnetic,  and  a  galvanic  fluid,  when 
it  distinctly  perceives  their  effects  in  a  number  of  card'uUy 
conducted  e^qieriments;  but  does  it  follow  from  this,  that 
speculative  geology,  in  the  absence  of  such  perceived  ef- 
fects, may  lay  hold  of  these  principles  which  are  still  by- 
potheticaJ,  and  make  use  of  them  as  if  they  were  agents 
perfectly  known,  and  entirely  subjected  to  its  power?  And 
if  geologists  have  the  candour  to  own  that  they  know  no- 
tiiing  whatever  of  the  part  which  the  different  etherial  or 
atmospherical  fluids  may  have  acted  in  tlie  primitive  for- 
mation of  the  earth,  is  not  this  the  same  as  owning  the  ab- 
solute impossibility  of  their  being  able  to  form  a  primitive 
history  of  the  globe  i    The  theory  of  chemical  aflElnities,  or 
of  atomic  attractions,  has  fumislied  us  with  some  just  ideas 
concerning  the  primitive  formation  of  solid  detached  bo- 
dies; but  as  long  as  the  law  according  to  which  these  at- 
tractions decrease,  remains  unknown,  and  whilst  we  neither 
know  the  agents  nor  the  processes  which  nature  employs  in 
tiie  greater  number  of  cases,  the  chemist  can  impart  to  us 
no  positive  and  precise  information  as  to  one  single  opera- 
tion of  the  unknown  power  which  has  produced,  or  which 
sustains,  the  universe.    Still  less  can  he  trace  the  immense 
chain  of  its  operations,  the  last  link  of  which  is  attached 
ta  the  throne  of  the  Almighty. 

The  strongest  argument  i4piinst  the  possibility  of  a  theo*  connection 
rj  of  the  earth,  appears  to  be  suggested  by  a  consideration  ^^iS'lJefe^s- 
<yfthat  admirable  system  of  celesHal  mtchamcs  whose  uii- *'.«!  n>«<^^' 
altirable  laws  maintain  the  globes  in  their  respective  posi-  "*"' 
SO 
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BOOK  tions  and  tiieir  mutoal  dependence.  In  this  system  of  tlie 
^^^  aniverae,  so  completely  established  by  astronomy,  it  Is  dif- 
^"*~~**  icalt  to  conceive  a  derangement  of  any  part*  which  does 
not  sensibly  affect  the  whole.  But  specolatiTe  geoI<^  per- 
ceives nothing  but  derangements  and  convulsions.  The 
changes  in  the  situations  of  the  poles,  the  augmentation  and 
diminution  of  the  magnitude  of  the  earth,  the  immense  vo- 
lume  of  water  which  held  all  terrestrial  substances  in  a 
state  of  solution,  the  processes  of  desiccation  andrefiig««- 
tion,  and  many  other  gpreat  revolutions  which  must  be  as- 
sumed in  constructing  a  theory  of  the  earth,  could  scarce- 
ly have  taken  place  without  idtering  the  equilibrium  esta« 
blished  by  universal  gravitation.  Besides,  as  all  the  globes 
of  our  solar  system  are  evidently  bodies  subjected  to  uni- 
form laws,  theories  of  the  earth  must  inevitably  degenerate 
into  cosmogonies.  Every  time  tiiat  men  of  genius  ha?e 
engaged  in  speculations  upon  the  history  of  our  globe,  they 
have  found  themselves  forced  to  extend  their  hypotheses, 
ito  as  to  embrace  the  whole  solar  system ;  they  have  been 
gradually  led  on  to  the  discussion  of  questions  altogether 
beyond  the  limits  of  our  faculties,  such  as  those  conoov- 
ing  the  eternity  of  tiie  world,  and  the  essential  properties  of 
matter. 

Such  arc  the  reasons  which  seem  to  us,  a  priori,  to  prore 
the  impossibility  of  establishing  any  general  theory  rqptfd- 
ing  the  primitive  formation  of  the  globe.  Let  us  see  whe- 
ther a  review  of  tiie  various  systems  hitherto  proposed  by 
geologists,  will  lead  us  to  a  different  conclusion* 
Sjrttemsof  Almost  all  geological  opinions  may  be  reduced  to  two 
seoiogr.     ^^^^  classes,  the  opinions  held  by  the  Yulcanists,  and  those 

entertained  by  the  Neptunists. 
The  vui-  The  Yulcanists  tell  us,  that  the  earth  at  first  was  in  a 
canitu.  ^^^  gf  igneous  fbsion;  that  it  then  gradually  cooled,  and 
was  covered  with  water  only  at  a  subsequent  period.  Air 
Und  caloric,  or  fire,  were  powers  which  gave  to  it  its  exist- 
ing shape.  The  land  was  heaved  up  by  an  internal  fiiiva; 
the  irregularities  which  diversify  its  surface  are  tiie  eAcli 
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fit  Tolcanic  eraptions;  and  the  transported  aoils  have  been    book 
formed  by  the  disintegration  of  the  higher  grounds.  ^i^* 

According  to  the  Neptanists^  the  earth  was  originally  in 
a  state  of  aqueous  and  cold  solution^  at  least  to  a  certain  tuntits.^^' 
depth*  Solid  bodies  were  formed  by  desiccation^  precipita- 
tion^  crystallization,  &c.  The  primitive  ocean  has  retired, 
or  rather  has  disappeared,  in  consequence  of  the  land  giving 
way  and  sinking  down  from  its  own  weight ;  the  ternary 
toils  have  been  formed  in  the  bosom  of  the  waters. 

These  ideas,  more  or  less  extended,  varied,  and  com- 
bined, constitute  the  basis  of  all  the  theories  of  the  earth 
which  the  industry  of  Delametherie  has  been  able  to  col- 
lect* 

The  Egyptians  appear  to  have  adopted  the  Neptunian  ideas  of  tho 
system.    According  to  them,  the  waters  had  covered  the  Egyptian". 
whole  earth,  but  were  now  concealed  in  the  vast  cavities 
which  were  supposed  to  exist  in  the  interior  of  the  globe, 
and  from  which  they  were  one  day  destined  to  issue  forth*  • 
They  maintained,  that  a  great  island  or  continent,  called 
Atlantis,  had  sunk  in  the  bosom  of  the  sea.    It  is  to  Plato 
that  we  are  indebted  for  these  fragments  of  the  Egyptian 
sysfamuf 

It  appears  that  the  Hebrews  and  the  Chaldeans  held  theopinioniof 
same  opinions  as  the  Egyptians,  except  that  the  Chaldeans  ^^^^^ 
bdieved  in  the  existence  of  a  central  fluid  similar  to  the  at-  Hebrews. 
mosphere^  and  considered  the  globe  as  having  been  thrice  co- 
Tered  witili  water— first  by  the  chaotic  waters,  and  then  by 
an  universal  deluge.    This  deluge,  according  to  the  Chal- 
deans, was  the  eflfect  of  a  change  in  the  axis  of  the  globe,  oc- 
casioned by  an  irregular  attraction  of  superior  planets.  The 
Hebrews  represent  it  as  the  work  of  omnipotent  power. 

The  most  ancient  writings  of  the  Hebrews,  attributed  to  Mottic 
their  law-giver  Moses,  have  also  preserved  a  most  interest-  tn^^^^^^'o- 
ing  tradition,  the  vestiges  of  which  are  plainly  to  be  traced 

*  Delametherie,  Tbforle  de  la  Terre,  tome  ▼•  p.  990-533. 

t  Plato,  in  TimfeOy  id.  in  Cratea.    Mnnethon,  Epit.  Natnr.    Hecat>^  Phl- 

loi.  Berpt.  lib.  1, 


47ll  BOOK  HINETBEHTH.* 

BOOK  amongst  many  other  nations,  namely,  that  of  six  geogonicil 
^^^  epochs,  or  a  successive  formation  of  the  globe.  If  the  He- 
'  brews  speak  of  six  days,  and  the  Etruscans  of  six  thousand 

years ;  if  the  Indians  have  extended  these  epochs  to  mfllions 
of  years,  this  makes  no  real  difference.  These  expressioiis, 
however  contradictory  they  may  seem,  being  only  the  varied 
phraseology  in  which  the  ancient  poets  and  prophets  so  fre- 
quently indulge. 

Deluc,  whose  faith  in  Christianity  cannot  be  suspected, 
has  never  been  able  to  explain  the  geogouical  system  of  Mo- 
ses, otherwise  than  by  taking  the  word  days  in  a  figurative 
sense,  for  some  indefinite  period  of  time.  Every  theologian 
knows,  that  to  explain  the  Hebrew  prophets,  and  particular- 
ly Daniel,  recourse  must  be  had  to  a  similar  method  of  in- 
terpretation.* 

It  is  obvious,  that  these  Neptunian  systems  have  had  tiieir 
origin  in  new  countries,  which  have  been  formed  by  tiie  slow 
or  sudden  retreat  of  Ibe  sea,  such  as  Egypt,  Chaldea,  and 
the  borders  of  the  Gulf  of  Arabia.  As  to  the  universal  de- 
luges which  happened  after  the  first  drying  of  tiie  globe,  it 
Is  remarkable  that  they  are  generally  rejp'esented  as  suiMen^ 
and  of  short  duration.  We  cannot  see  how  such  reviriutioBS 
could  have  taken  place,  without  adopting  the  idea  that  the 
globe  of  the  earth  is  internally  hollow,  and  that  the  dry 
land  sunk  into  it  Accordingly,  the  formation  of  the  moun- 
tains, by  the  sinking  in  of  the  land,  necessarily  forms  a  part 
of  all  tiie  geogonic  systems  which  proceed  upon  the  humid 
plan. 

Tiie  volcanic  system  equally  appears  to  have  originated 
with  some  Oriental  nations ;  for  the  Greeks,  who  endiraoed 
it,  derived  tiieir  information  from  the  east  To  this  sys- 
tem belongs  the  hypothesis  of  flie  rairing  vpof  the  moss* 

*  Compara  DfluCy  Lettret  k  Blumenbachi  1798.  Id.  A  Traatite  on  Geo- 
logy, 18()9.  Geogony,  in  2  toIs.  (in  German)  by  Bilberachlag,  Berlin,  ITMI^ 
contains  a  very  good  explanation  of  the  Mosaic  system,  regarded  in  a  iustoxi- 
cal  point  of  view.  The  celebrated  Orientalist,  Eichbom,  at  Gottingsn,  bsf 
explained  it  poetically.  See  his  Repertory  of'Siblical  and  Oriental  Literatuffi 
vol.  iv. 


rarsiCAXi  GBOGBAPHT.  471 


tahis,  to  inrhich  some  Hebrew  prophets,  posterior  to  Moses^ 
appear  to  allude.  ^^' 

Belnsy  the  Assyrian  lawgiver,  appears  to  have  admitted  ~j  j 
that  tbb  earth  exists  periodically  ia  a  state  of  universal  ofAsla/ ' 
combustiony  and  in  that  of  general  inundation.*  Accord- 
ing to  a  passage  of  Trogus  Pompeinsyf  the  two  systems 
which  attribute  the  origin  of  the  world  to  fire  and  to  wa-> 
ter,  divide  the  opinion  of  the  philosophers  of  the  east. 
Those  who  adopted  the  former,  thought  that  the  earth  had 
slowly  and  successively  cooled,  from  the  poles  to  the  equa- 
tor;  their  antagonists  maintained,  that  the  sea  had  gradual- 
ly retired. 

The  ideas  of  the  Orientalists  furnish  the  Greeks  with  Neptunian 
the  foundation  on  which  they  have  reared  all  their  fanciful  tbrcreeks. 
geogonic  superstructures.     Thales  imported  from  Egypt 
tte  Neptunian  system,  which  was  probably  that  of  all  the 
ancient  Greek  poets  and  mythologists.    Homer  seems  to 
adopt  it.:}: 

From  Aristotle  and  Plutarch  we  learn,  that  these  an* 
dent  Neptnnists  founded  their  system  on  one  single  prin- 
dple^  humidity;  because,  from  humidity,  animals,  plants, 
and  even  fire,  appear  to  derive  their  origin.^  Were  not 
these  ancient  philosophers  as  far  advanced  in  knowledge  as 
our  own  modem  geologists,  who  say,  that  a  watery  solu- 
tion has  alone  been  able  to  hold,  in  a  dissolved  state,  all  the 
•olid,  liquid,  and  fluid  bodies,  whose  union  composes  the 
globe  and  its  atmosphere  i 

The  description  which  Lucretius,  Virgil,  and  Ovid,  give 
us,  of  the  first  formation  of  the  terrestrial  globe,  contain  all 
the  principal  ideas  of  the  modem  Neptunian  theories ;  so- 
lution in  a  vast  fluid,  or  in  chaos,  chemical  precipitation  hy 

*  Beiososy  ap  Seneca,  Quaest.  Nat.  iii.  c.  S9. 

t  Justin,  Hist.  Epit.  lib.  ii.  cap.  i,  Cicero,  De  Nat.  Deor,,  i.  Qtiiist,  Acad. 
IT.  Sen.  Quest,  nat.  iii,  13. 

t  Iliad,  ziv.  346. 

t  Aristotle,  Metaphys.  lib.  i.  cap.  3.  Comp.  id.  M^t^orol.  i.  14.  Pint,  de 
placitis  Philosophorum,  b.  i.  c.  3.  « 
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attraction  or  afinitjr*  mechanical  precipitation  and 
xiz.    tion,  andy  at  last^  coi^lation  and  conaolidattoa. 

The  number  of  Grecian  philoaophen  win  attriknto  the 
thM«\aT«  origin  of  the  earth  exclnsively  to  dementarj  fipe,  doei 


*^°vX  ^^^  seem  to  have  been  considerable  $  for  we  cannot 
^sts  in  that  such  was  the  opinion  of  Pythagorast  although  be  IooIl- 
^''''''^-  ed  upon  the  sonl  of  aU  beings  as  a  particle  of  divine  Sre. 
The  obscure  Heraclitns  was  tiie  ilrst  who  said,  that  ^^  fire 
had  formed  all  things,  and  conld  destroy  alL^'*  The  stoics, 
according  to  Cicero,  should  have  been  of  this  opiniQii,  but 
Seneca  declares,  on  the  contrary,  that  they  r^purded  wa- 
ter as  the  principle  of  the  world.  Besides,  whm  Heracli- 
tus  said,  ^  that  the  earth  was  flie  fliickest  sediment  of  fire, 
that  water  was  earth  dissolved  by  fire,  and  that  wat«r  in 
the  state  of  vapour  formed  air,''t  it  is  evident  that  he  did 
not  thinlc  of  the  system  of  the  Ynlcanists^  he  intend- 
ed only  to  found  a  general  system  of  corpuscular  philo- 
sophy. 
Phiiowphj  The  same  remark  holds  with  respect  to  tiiose  who  ascrib- 
of  atoms.  ^  ^^  creation  of  the  earth  and  the  universe  to  the  con- 
course of  particles  or  atoms  scattered  in  the  inuMiisity  of 
space.  In  the  atoms  of  Democritus  and  Epicurus^  which 
adhered  to  one  another  by  means  of  some  arnaU  inefusii- 
ties  of  shapes,  which  served  as  a  kind  of  crotchets  or  hooks, 
in  the  corpuides  which  prefer  and  attract  each  other,  in 
virtue. of  their  similar  nature,^  we  recognise  tbn  fim- 
damental  principles  of  our*theory  of  chemical  aftnitias^  sad, 
consequently,  of  our  most  modem  and  most  celdirated  sys- 
tems of  geology.  The  union  of  atoms  is  evidentily  tte 
same  thing  as  the  iimple  attraetUm  of  partides ;  and  whe- 
ther we  si^y  these  corpuscles  choose  to  untie,  heeauu  thegmn 
of  a  similar  nature,  or  these  particles  tend  to  unite  by  an 
elective  attracti(m9  all  the  difference  consists  only  in  the 
gr«$ater  or  less  precision  of  the  expressions. 

*  Dio  Laert.  lib  ix.'    S.  Justin.    Paroenet.  ad  Griecos.    Stob.  Physic.  Eclof. 
i,  c.  IS. 
t  Plut.  de  Placit.  Philoioph.  i. 
f  Paresque  cum  paribus  jungi  res,  *c.    Lucrft. 
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The  idea  of  Franklin^  who  makes  every  thing  to  origi-   book 
Bate  fkrom  air,  had  been  broached  by  Anaximenes  of  Mi-    ^^^ 
MuBf  whose  opinions  are  without  donbt  misrepresented  by 
tiie  contracted  minds  of  those  iriio  accuse  him  of  atheism.*  Ajuafane- 
The  Greeks  did  not  rest  satisfied  with  these  general  sy^  "^*- 
terns ;  ttiey  formed  hypoflieses  of  a  more  definite  charactnv 
founded  npon  facts  supplied  by  the  j^ysical  geography  of 
the  countries  then  known.    The  flowing  out  of  the  lakes 
or  marshy  pools  which  covered  Thessaly  before  the  forma- 
tion, or  rather  before  the  enlargement,  of  the  valley  of 
Tempest  snggested  the  idea,  that  all  the  inland  seas,  and      " 
specially  the  Pontus-Euxinus,  or  Black  Sea,  had  been  ori«^ 
ginally  inclosed  lakes,  to  which  some  violent  revolution  had 
opened  an  outlet    Xanthus  and  Strato  having  observed 
that  the  soil  of  Upper  Asia  contained  sea  shells,  justly  con- 
cluded tiiat  these  countries  had  been  covered  with  sea  wa- 
ter^ but  when  Strato  attempts  to  explain  this  phenome- 
non, which  is  common  to  all  the  globe,  by  supposing  a  lo- 
cal cause,  by  tiie  existence  of  an  ancient  inland  sea»  formed 
by  the  union  of  the  Pontus  Euxinus  with  the  Caspian,  he 
lalls  into  one  of  those  paralogisms  which  appear  to  be  al- 
most hereditary  in  the  pretended  science  of  geology.    We 
shaU  prove,  in  the  proper  place,  that  such  an  inland  sea  has 
not  existed  flonce  the  commenc^nent  of  historical  times. 
Thegmeral  revolutions  which  may  have  been  caused  by 
the  breaking  up  of  the  great  lakes  and  interior  seas,  must 
have  ^taken  place  long  before  the  existence  of  the  human 
race;  and  the  deluges  that  have  been  occasioned  by  a  de- 
ntngement  of  the  sea,  belong  to  an  age  far  beyond  tte 
Tcach  of  history.    This  is  completely  proved  by  tiie  oc- 
currence of^animal  remains«$    But  the  soil  of  Greece^  from 
its  very  nature,  must  have  frequently  given  way  and  sunk 

*  Plat,  de  PUcit*    Stob.  i.  c.    August,  de  Civ.  Dei,  Tiii.    3.  Cic.  de  Ntt« 
Deor.  i. 

t  Herod,  yu.  129, 130.    Strab.  ix..  667.    Almel.  Lucbd.  vi,  364,  &c. 

t  Strab.  Geog.  i.  35.    Aim. 

^  See  above,  Book  XII,  near  the  end. 
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down,  and  conseqnenfljr  the  country  nrast  haT«  freqiieirtly 
^i^"*     experienced  local  inundations.    The  deluge  of  DeocalioD 
'  desolated  Thessaly»  especially  the  mountainous  canton  i 


DeucSion  od  HoUas;*  that  of  Ogvges  overwhelmed  Bceotia.t  Po- 
^  ^'  pular  tradition  naturally  referred  to  those  disasters  wUdi 
had  ravaged  whole  provinces,  every  ancient  inundatiiMiy  tin 
femembrance  of  which  was  preserved  in  any  district.  Tins 
a  single  opening,  of  inconsiderable  extent,  was  shewn 
in  Attica  as  tiie  funnd  by  which  all  the  waters  of  Deuca- 
lion's flood  were  drained  away.^  Twelve  or  fifteen  centuries 
after  the  epoch  assigned  to  these  events,  historians  began 
to  collect  these  scattered  traditions,  and  to  compose  from 
them  highly  finished  descriptions  of  pretended  universal 
deluges,  unknown  to  more  ancient  authors.^  Other  Greek 
writers,  dissatisfied  with  these  sudden  revolutions,  tkese  erup- 
tions and  deluges,  invented  the  hypofliesis  of  the  gradual 
H7P|>^i«  drying  up  of  the  sea.  Aristotle  charged  them  with  draw- 
^tag  up  ing  a  falao  conclusion  from  authentic  facts.  ^*  It  is  true," 
of  tbem.  si^d  that  great  naturalist,  <<that  several  countries,  fonneriy 
covered  with  water,  are  now  reunited  to  the  mainland,  but 
the  contrary  also  happens ;  the  sea  has  made  several  emp- 
tions.^'11  The  hypothesis  of  alluvial  additions  to  the  land 
was  also  proposed.  Polybius  imi4{ined  that  Hm  PimtuB 
Eoxinus,  or  Black  Sea,  would  be  filled  up  by  tiie  and 
which  the  rivers  conveyed  into  it  ^  but  two  thousand  yean 
have  been  insufficient  to  fulfil  this  geological  prediction. 
The  waters  of  the  river  Pyramus,  in  Cilicia,  have  made 
no  addition  to  the  opposite  shores  of  Cyprus,  as  the  oracle 
had  foretold.  Lastly,  some  of  the  Greek  philosophers  at- 
tributed to  volcanic  eruptions  eflfects  much  more  oonside^ 
able  titan  those  for  which  we  have  any  historical  evidence. 

*  ApoUod.  u  c.  7.    Arist.  Meteorol.  i.  14. 

t  Varro,  de  R.  R.  iii.  comp.  Fr^ret.  M^moire  sur  let  Diluges  dX)grfM  et  de 
Deucalion.    AcadCmie  det  Intcriptiont,  t.  zziii.  p.  129. 
%  Paasao.  i.  cap.  18. 

f  Diod.  ▼.  49.    Lucian,  de  Dea  Syria.    Plut.  de  SolerU  anim. 
II  Arist.  loc.  cit. 
T  Polyb.  Hist.  I.  iv.  cap.  40,  42.    Edit.  Grenav.  i.  p.  42$,  483. 
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ttribo  imagined  ihat  tbey  could  raise  and  swallow  ttp  whole  >< 
mivtries ;  and  he  mentions^  as  a  proof,  two  towns  in  the  ^^^'^ 
Peloponnesus  that  were  overwhelmed  by  an  earthquake.* 
rhns  do  we  discovery  among  the  ancient  Greeks,  the  getm 
if  all  the  theories  of  modem  geology,  and  the  same  dispo- 
dtion  to  confound  facts  helonging  to  different  epochs,  to 
exaggerate  phenomena^  and  to  deduce  general  conclusions 
Irom  local  facts, 

AmoQgat  the  modems,  Palis^y  was  the  first  to  unfold  pi^^f 
correct  ideas  respecting  fossil  shells ;  he  protested  I4{ain8t  i^^i. 
the  misGOQceptions  of  those  who  were  for  considering  them 
only  as  the  sportive  productions  of  nature ;  he  even  ventur«> 
ed  to  maintain,  that  these  fossil  remains  of  marine  animals 
were  too  abundant  to  have  been  carried  into  the  places 
wbere  they  are  found,  by  a  sudden  catastrophe  resembling 
the  deluge  described  by  Moses-f    Stenan  demonstrated  anew  1^^"^^^ 
these  truths,  which  were  of  too  bold  a  character  for  the  i669.  ' 
age  of  Falissy.    Proceeding  stiU  farther,  he  acknowledged 
&at  the  strata  of  the  earth  must  have  been  formed  as 
deposits  in  a  fluid,  and  that  mountains  owe  their  origin 
to  the  subsiding  and  rapture  of  strata  originally  horizon- 
taLt 

Burnet,  a  man  of  great  talents,  but  who  had  not  care-  ^^  ^^ 
fidly  observed  phenomena,  constracted  the  first  complete  lesi. 
theory.  Before  the  deluge,  says  he,$  the  surface  of  the 
wlb  was  a  level  plain,  with  neither  mountains  nor  valleys. 
All  substances  were  disposed  around  the  centre  of  the 
globe,  according  to  their  specific  gravity,  the  water  every- 
^re  occupying  the  surface.  The  oily  substances,  how- 
ever, being  lighter  than  water,  formed  by  degrees  an  upper 
htyer,  which  enveloped  the  waters  and  the  whole  of  the 
globe.  Upon  this  extremely  fertile  crust,  the  antediluvian 
fenerations  lived  in  perpetual  spring. '  The  deluge  made 

*  Strmb.  i.  54.  edit,  de  1690. 

t  £Dcyck>p^die  Method.    Oiographie-Pbysique,  i.  art.  Palissy, 

t  Stenooy  Diswrt.  de  Solido,  intra  soUdum. 

^  Theoria  teUuris  sacra,  IcCi.   London,  1681, 
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ev«rj  tiling  change  its  appearance;  tiie  cnwt  becane  dry, 
"^    and  tiie  accumalated  waters  straggled  against  tiiis  li(;ht 
"  ooTering ;  it  biirat  and  sunk  into  tlie  abyss  of  waters. 

lUs  changed  the  axis  of  the  globe,  and  oonseqaentlf  the 
tempmitara  of  its  dimates.  The  edges  of  the  crast,  set  up 
again  in  several  places,  formed  our  present  nioantaios.  It 
is  nnnecessarj  to  shew,  tiiat  this  system,  founded  aoMy 
npon  the  observation  of  floating  islands,  is  altogether  iiHof- 
ficient  to  explain  the  origin  of  those  hard  and  heavy  rocb  ^ 
of  which  our  mountains  are  composed. 
DMcartes,  Descartes*  and  Leibnitzf  take  a  still  bolder  fligkt,  iiu- 
^^^'  gining  that  the  earth  is  a  small  sun,  covered  with  an  opake 
crust,  which,  by  sinking  down,  gave  birth  to  the  mooBtains. 
\^^  Lribnitz  considered  the  whole  mass  of  the  g^obe  as  hgrn^ 
been  vitrified ;  an  idea  quite  untenable,  although  Buffon  kaa 
been  carried  away  with  it 
vJSSton**^  Another  arbitrary  theory  was  proposed  by  Vfhh^i 
1701.  '  Thia  astronomer  considera  the  earth  as  a  comely  which  has 
fi>rsaken  its  original  tracts  from  a  cause  which  he  does  aot 
qiecify,  to  rovolve  in  the  orbit  <tf  a  planet  Bmg  no  logg- 
er subject  to  the  extremes  of  heat  and  of  cold,  the  chaotic 
matter  of  this  ex-comet  was  precipitated  according  to  the 
laws  of  specific  gravity.  A  part  of  the  primitive  heat  of 
tiie  comet  was  preserved  in  its  centra;  tiiis  centra  was 8a^ 
rounded  by  water,  the  exterior  'Crast  of  the  f^obe  was  of 
vncommon  fortuity,  and  the  inhabitantB  lived  for  oontsriesi 
But  the  excessive  warmtii  had  the  effect  of  inflamioK  their 
blood ;  they  became  so  impious,  that  the  Creator  was  con- 
pelled  to  destroy  them  with  a  flood.  For  this  purpose  he 
caused  anotiier  comet  to  approach,  which  enveloped  tlie 
earth  in  its  immense  tail ;  and  as  the  tail  of  a  comet  is  con- 
posed  of  vapoure  and  water,  (who  dares  to  doubt  it?)  the 
tonperatura  of  the  earth  was  considerably  diminished.  B^ 
sides,  the  attraction  of  the  comet  disturbed  the  eqoilihriia 

*  Principes  de  Philosophie,  Part  iv.  No.  2. 

t  ProtogflBi  in  tct.  erud.  1603. 

t  A  New  Theory  of  the  Earth.    Lond.  1700. 
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of  the  waters  in  the  interior^  and  thus  occasioned  a  Tiolent   book 
flux  and  reflux  in  their  mass.    The  exterior  crust  of  the    ^^^ 
earth  being  violentlj  shaken,  sunk  down  in  one  placoy  and  -"-*-"-" 
cracked  in  another.    In  this  way,  an  universal  deluge  took 
place*    The  cornet^  after  executing  the  will  of  the  Creator, 
receded ;  the  waters,  recovering  their  equilibriam,  ente^d 
again  into  the  subterraneous  cavities,  which  had  been  suf- 
fideotly  enlarged  to  receive  the  waters  of  the  comet    The 
coldness,  and  other  bad  qualities  of  these  waters,  have  re- 
duced the  earth  to  that  degree  of  barrenness  and  exhaustion 
which  we  now  so  much  deplore.    This  hypothesis  of  Wins- 
ton has  often  been  revived  in  whole  or  in  part    Dolomieu 
has  borrowed  from  it  his  principal  ideas. 

Woodward  a  countryman  of  Whiston's,  and  an  indefa-^^<^^ 
tigable  and  scrupulous  observer,  invented  a  much  more  mo-  ward,* 
dest  theory.*  He  admits,  that  all  terrestrial  substances  ^^^* 
have  been  in  a  state  of  aqueous  fluidity,  and  supposes  that 
the  whole  interior  of  the  globe  contains  an  abyss  of  water 
which  must  have  been  sufficient  for  the  purpose.  The  de- 
luge of  Moses  consisted  in  a  falling  down  of  the  crust  of  the 
globe  into  this  great  abyss,  the  waters  of  which,  according 
to  Woodward,  possessed  a  peculiar  dissolving  power,  which 
did  not  act  upon  shells  and  other  remains  of  the  animal 
kingdom.  It  is  evident  that  the  acuteness  of  Woodward 
led  him  to  pwceive  the  impossibility  of  explaining  the  posi- 
tion of  so  many  beds  of  shells  in  the  midst  of  stony  masses 
by  the  occurrence  of  a  single  short-lived  inundation.  But  his 
disMolvifig  power  is,  according  to  his  own  admission,  an  oc- 
cult and  miraculous  property.  An  intelligent  German,  Ca- 
merarius,  in  attacldng  Woodward,  conjectures,  what  has 
since  been  demonstrated,  that  banks  of  shells  neither  have 
nor  could  have  been  transported  by  any  deluge ;  and  that, 
on  the  contrary,  the  animals  to  which  the  shells  belong  have 
lived  and  died  in  the  same  placcf  In  replying  to  Camera- 
rios,  who  states  his  opinion  in  a  manner  far  from  distinct 

•  Woodward's  Eisay  on  the  Natural  Uiitory  of  the  Earth,  1783. 
t  Cameraiiuf,  in  Dissert.  Taurinens,  p.  326,  Tubing,  171S. 
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BOOK  Woodward  asserts  the  fact  that  volcanic  eruptions  have 
^^  given  origin  to  no  considerable  mountain,  far  less  to  isl- 
ands  and  entire  countries.* 

?r"77oo  ^®  ******  **^  nothing  of  the  vegetation  of  stones,  ftc 
dream  of  the  celebrated  Toumefort,  nor  of  some  detached 

n^iTOO.  Propositions  of  Scheuchzer,  whose  genius  was  fettered  by 
the  prejudices  which  attributed  all  the  changes  of  the  globe 

]7iT°*^^'  to  a  single  deluge.  The  ingenious  Fontenelle  was  the  first 
who  had  the  merit  to  assert  that  more  revolutions  than  one 
must  have  contributed  to  model  the  surface  of  the  globe, 
and  to  heap  up  those  vast  ruins  which  surround  us  on  all 


The  volcanic  system  found  at  this  same  period  several 
warm  and  able  defenders,  whom  it  would  be  wrong  to  pass 
ideu  of     over  in  silence.    Ray  imagined,  that  at  the  very  moment  of 
Rmj,  1093.  ^jjg  creation,  at  the  time  of  the  separation  of  the  humid  and 
solid  substances,  there  were  earthquakes  which  heaved  up 
the  mountains.    The  earth  gradually  emerged  from  the  wa- 
ters of  the  sea,  which  gave  to  the  marine  animals  time  to 
retire  into  the  bosom  of  the  ocean.f 
Hook,  Hook,  while  he  supposed  that  strata  were  originally  fonn- 

^^^^*         ed  like  sediment  in  a  fluid,  admitted  the  occurrence  of  vol- 
canic  eruptions,  sufficiently  powerful  to  raise  up  extensiTe 
Lasaro      tracts  of  ground,  and  even  to  melt  and  calcine  them.^    La- 
^^*       zaro  Mora,  observing  that  there  are  some  mountains  which 
contain  neither  the  remains  of  sea  animals,  nor  any  marks 
of  stratification,^  attribuled  a  volcanic  origin  to  all  the  se- 
condary mountains ;  these  are,  in  his  opinion,  flowings  of 
lava  which  have  had  their  origin  under  the  waters.    By 
Syitem  of  modifying  and  combining  these  difierent  ideas,  Raspe  com- 
K»Bp«*      posed  his  volcanic  theory  of  the  formation  of  new  islands,  a 
theory  which  many  distinguished  vulcanists  have  inaccu- 
rately copied.|| 

^'Natural  History  of  the  Earth,  Enlarged  and  Defended,  &c  p.  115.  iff. 
Lond.  1726. 

t  Raj,  Three  pbysico-theological  Discourses,  p.  164,  Lond.  1693.    Sd  edit. 

%  Hookii,  Oper.  Postham.  299,  310.     Edit,  Lond.  1705,  in  folio. 

k  Las.  Moro,  de  lK>rig.  des  coquiliages  fossiles,  ch.  12, 13. 1740. 

II  Raspe,  Specimen  historian  naturalis  gloM  terraquei  prscipoi  de  noris  h  ma- 
rl natis  inBulis.    Leipziek,  1763. 
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These  different  systems  were  completely  eclipsed  by  that    book 
which  was  created  by  Buffon,  and  which  his  splendid  genius     xix. 
adorned  with  all  the  charms  of  poetry.    According  to  him^  — ^— 
Ihe  suns  and  comets  were  formed  as  we  see  tliemf  and  pro-  suffoD,  ^^ 
jected  with  an  impetus  sufficient  to  carry  them  forward  in  ^^^^ 
their  orbits.    But   about  96,000   years   ago  a  comet  fell 
obliquely   into  the  sun,   and  detached  from  it  the  650th 
part    This  entire  mass,  hurled  into  tiie  immensity  of  space^ 
separated  into  fragments,  which  formed  several  planets  of 
our  solar  system,  and  which,  from  their  rotatory  motion, 
acquired  a  spherical  shape.    Our  globe  was  in  a  state  of 
incandescence,  but  its  surface  by  degrees  cooled  and  conso- 
lidated, retaining  however  many  immense  cavities.    Part  of 
the  vapours,  which  were  elevated  in  the  atmosphere,  con- 
densed and  formed  the  seas.    These  waters,  acting  upon 
the  solid  part  of  the  globe,  decomposed  a  portion  of  it,  and 
in  this  way  formed  the  land  and  stones.    The  waters  of  the 
ocean,  attracted  towards  the  equator  by  the  tides,  brought 
with  them  a  vast  quantity  of  dissolved  substances,  <<  and 
then,"  says  BuflTon,  **  gave  rise  to  those  great  chains  of  moun- 
tains which  extend  from  east  to  wesf     Unfortunately  these 
chains  do  not  exist;  the  great  range  of  mountains  which 
sorrounds  the  globe  has  another  direction  ;*  so  that  Buffon 
is  to  blame  for  explaining,  by  a  supposition  improbable  in 
itself,  a  fact  which  is  quite  imaginary.    But  let  us  proceed 
with  the  statement  of  his  theory.    The  primitive  waters  of 
tile  globe  withdrew  into  the  cavities  df  which  we  have  al- 
ready spoken,  then  the  continents  appeared.    The  earth,  in 
the  space  of  43,000  years,  grew  so  much  cooled  that  its 
sarface  could  admit  of  the  existence  of  vegetables  and  ani- 
mab,  which  started  first  into  being  about  the  pole,  and  gra- 
dually  spread  themselves  towards  the  equatorial  regions. 
The  secondary  strata  were  formed  from  the  decomposition 
of  vitrified  substances,  mixed  with  marine  sediment;  ac- 
cessory causes,  such  as  winds,  currents  of  water,  volcanic 
eruptions,  and  earthquakes,  afterwards  modelled  the  moun- 

*  See  Book  tu. 
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BOOK    tains  and  the  valleys.    The  ocean  slowly  changes  its  i 
^^^    by  its  general  motion  acting  against  the  eastern  coasty  wUch 
it  imperceptibly  destroys,  and  in  this  manner  may  have 
several  times  completed  the  tour  of  the  globe.* 

The  system  of  BufTon,  refuted  in  its  principal  pointa  by 
the  observations  of  naturalists,  is  no  longer  su^^orted  efoi 
by  those  who  consider  fire  to  have  been  the  chief  agent  in 
the  formation  of  the  globe.  All  hypotheses  which  pretnd 
to  explain  the  first  origin  of  our  globe,  and  the  manner  in 
which  it  was  projected  into  space^  are  now  regarded  as  chi- 
mericaL  Geology  attempts  only  to  ascend  by  the  ( 
tion  of  physical  monuments  from  one  epoch  to  aaoHier, 
til  it  arrives  at  a  state  of  things  anterior  to  all  these  i 
ments.t  At  the  same  time^  the  rapid  accumulation  of  bdb 
has  led  the  most  enlightened  men  of  all  parties  not  to  ex- 
clude any  particular  cause,^— ^  principle  which  has,  is  par^ 
produced  a  blending  of  different  systems,  and  a  mutual  to- 
lerance for  moderate  opinions. 
Theory  of  The  theory  which  is  now  most  keenly  supported,  is  ttat 
177cm[810.  of  Beluc.  This  philosopher  supposes  that  the  earthy  and 
all  the  celestial  bodies,  were  masses  of  confused  dements,  la 
which  the  divine  will,  by  communicating  to  them  a  cwtaia 
quantity  of  light,  produced  chemical  precipitations^ 
was  formed  the  crust  of  those  solid  rocks  whose  i 
we  see  around  us.  This  consolidated  crust  sunk  down  se* 
veral  times;  the  remaining  edges,  supported  upon  flie  par- 
titions  of  subterraneous  caverns,  formed  the  mountains. 
The  wafers  which  at  first  covered  the  whole  globe,  filtered 
down  into  the  central  parts,  where  the  ancient  chaos  always 
subsisted ;  then  appeared  the  first  continents,  of  greater  ex- 
tent than  ours,  but  suspended  above  immense  caverns; 
and,  before  they  were  enlightened  by  the  sun,  prodndsg 
vegetables  of  a  nature  diflbrent  from  ours ;  the  remains  of 
which  form  our  coal  mines.    The  present  continents,  cob* 

•  Buffon,  Theory  of  the  Earth,  in  the  Ist  vol.  of  bis  Natural  History. 
t  Deluc,  Elemens  de  Geologie,  MO,  p.  11. 
t  Delam^therie,  Thiorie  de  la  Tene,  k  1700. 
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cealed  nndd^  thie  8ea»  were  covered  with  deposits  of  shells ;    book 
vokadic  eniptms  spread  their  beds  of  lava.    By  a  general    ^^^ 
and  final  sshsiditig^  the  primitive  continents  sonk  into  the 
recesses  of  the  suMeHranean  cavities.    The  sea  was  preci-' Ezpiana- 
pitatod  upon  the  land,  and  engulphed  the  whole  race  of  the  „^|^^^r^8ai^ 
iithibitants.    This  catastrophe  was  the  imiversal  dehge,  de-  deluge. 
scribed  bj  Moses, the  traces  of  which  are  to  be  found  amongst 
almost  aft  natadns*    It  was  then  that  our  present  conti- 
nentiy  Ibrmtd  beneath  the  ocean,  suddenly  arose  into  view, 
h  the  li(^t  lands  of  these  continents  were  founds  buried  in 
pnNnincaous  hesps^  the  remains  of  quadrupeds  once  the  in-- 
haUtealB  <tf  tdande  whidi  kad  sunk  down  before  the  univer- 
sal deluge,  and  the  skeletons  of  cetaceous  animals  which 
bad  pwpiijd  the  sea«    The  preservation  of  these  remains, 
whidi  SM  still  met  with  ahneet  entire  in  cold  countries^  and 
the  inconsiderable  thickness  of  the  beds  of  the  ve^aMe 
nouU  formed  akofve  onr  continents,  nnite  to  prove  that 
their  antiquity,  or  rather  their  appearance  above  the  wa^ 
toiSy  is  not  to  be  dated  many  ages  beyond  our  own** 

Sodi  is  the  theory  of  the  celebrated  naturalist  of  Geneva. 
The  principal  feature  of  this  system,  viz.  the  repeated  sub- 
fliiings  snpposed  to  hav^  taken  place  in  the  surface  of  the 
gbbey  and  some  of  its  sriiordinat^  details,  particularly  those 
ngardiaf;  the  ojriigln  of  animal  remains,  have  obtained  for 
it  a  very  favourable  reeeptbn  among  philosophers.  There 
is  soms  dtfflcolty  in  conceiving  the  existence  of  tiie  vast 
cavities  in  wMch  the  antediluvian  world  was  engulphed; 
it  would  seem  that  this  idea,  borrowed  from  Woodward, 
has  been  introduced  info  &e  theory,  solely  firom  a  desire  of 
accounting  ftir  the  deluge. 

Seme  naturalists,  who  admits  with  Deluc,  that  the 
earth  wns  formed  in  a  state  of  aqueous  fluidity,  differ  con- 
cendng  the  rank  they  assign  to  the  agents  which  have  pra- 
AKad  the  revolutions  and  ruptures  of  the  crust  of  the 
globe.    Saussure  sometimes  expresses  himself,  as  if  he  ad- 

*  Deluc,  Lettres  sui  1' HiBtoire  de  la  'Terre,  addressees  k  M.  Blumcnbach,  id. 
Eleiaenc  de  Gfologie. 
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BOOK    niitted  heavlngs  up  of  tiie  earth  by  volcanic  fire,  ^or  by 
XIX.    other  elastic  fluids/'  in  order  to  explain  how  beds  of  gn- 
'  nite,  which  serve  as  a  base  to  all  the  others,  have,  in  cer- 

tain places,  been  so  elevated  as  to  form  the  siuiinuts  of 
mountains.*    But  the  idea  which  he  has  uniformly  main- 
tained, is,  that  of  Ytry  violent  currents,  which,  by  agitat- 
ing the  ancient  sea,  drew  along  with  them>  to  a  great  dis- 
tance, the  fragments  of  primitive  rocks,  particularty  of  gra- 
nite, which  aro  found  scattered  on  the  smrfiice  of  ground  of 
secondary,  and  even  of  ternary  formation*!    It  is  diiRcolt 
to  conceive  currents  possessed  <^  a  force  capable  of  rolling 
to  a  distance,  entire  portions  of  mountains,  even  though  we 
should  suppose  the  valleys  filled  up,  and  forming  an  inclin- 
ed plane.    It  is  more  natural  to  attribute  the  phenomenon 
in  question  to  marine  ice,  which  may  have  carried  flNse 
fragments  of  mountains  across  the  ancient  sea. 
Ideas  of        The  celebrated  Werner,  while  he  attributes  a  great  in- 
J^^^^    fluence  to  the  subsidings,  thinks,  however,  that  various 
facts,  and,  amongst  others,  the  position  of  basalt,  are  explain- 
ed only  by  supposing  a  periodical  increase  and  diminution 
of  the  mass  of  fluid  eletnents. 
Ideas  of        When  Pallas  explains  the  occiurence  of  the  ranains  of 
mu*      elephants  in  Siberia,  by  imagining  a  general  overflow  of  the 
waters  of  the  Indian  Ocean,  which,  according  to  him,  wouH 
have  covered  and  traversed  the  upland  plain  of  Central  Aak, 
as  they  rolled  from  south-east  to  north-west,  he  has  reconrse 
to  eartiiquakes  and  volcanic  eruptions,  to  produce  so  extra- 
ordinary and  inconceivable  a  movement^: 
DeiuM-^^      The  ingenious  Delametherie  has  composed   a   theoiy 
iksrie,       very  circumstantial  in  its  details,  and  supported  by  many 
f^**        facte,  in  which  he  endeavours  to  reduce  the  revolutiims  of 
the  globe  to  chemical  laws,  without,  however,  excluding 
the  agency  of  mechanical  causes.    This  chemist  n^resents 
both  the  mountains  and  the  valleys  as  having  been  formed 

*  Saussure,  Voyage  dans  les  Alpes,  ft  919. 

t  Id.  Ibid,  ftft  587,  1596,  &c. 

t  Pallas,  ObssTTations  upon  the  Origin  of  Mountains,  p.  74.  French  Transl. 
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by  crystallization  in  an  immense  fluid,  which  lie  gets  rid  of  book 
by  means  of  evaporation,  because  he  is  determined  to  consi-  ^^*» 
der  tiie  central  mass  of  the  globe  as  a  solid  crystal. 

The  opinion  of  Deluc,  as  to  the  comparatively  recent  date  coojec- 
of  our  continents,  has  been  adopted  by  a  distinguished  na-  jj^^f^J^^^ 
turalist,  who,  without  constructing  any  general  system,  has  1794-I800. 
thrown  out  some  detached  views,  which,  however,  are  very 
fraitfal  in  results.  Dolomieu,  it  would  appear,  scarcely 
aimed  at  any  thing  more  than  to  disencumber  Whis ton's 
theory  of  some  of  its  hypotheses.  All  the  geological  agents 
of  this  philosopher ;  the  solution  of  all  terrestrial  substances 
in  a  solvent  which  has  been  destroyed ;  the  coagulation  of 
these  substances,  which  after  the  destruction  of  the  primitive 
solvent  were  precipitated  and  crystallized,  so  as  to  form  a 
crust;  the  exterior  cause,  whatever  it  might  be,  which  breaks 
and  pulverises  this  crust,  and  the  tides  of  eighteen  hundred 
toises  in  elevation,  which  set  in  motion  the  whole  mass  of 
waters,  swept  the  bottom  of  the  seas,  raised  and  trans- 
ported banks  of  shells,  hollowed  out  the  valleys,  and  model- 
led all  the  secondary  ground ; — all  these  agents,  we  say,  ex- 
ist already  in  the  theory  of  Whiston.  It  is  even  difficult  to 
imagine  the  possibility  of  all  these  violent  and  sudden  revo- 
lutions, without  the  concurrence  of  some  celestial  body ;  but 
to  every  thing  proves  the  stability  of  the  planetary  system, 
it  is  only  to  tbe  comets  that  we  can  have  recourse.  But  how 
is  it  to  be  proved,  that  these  comets  are  bodies  sufficiently 
dense  to  exercise  such  force  of  attraction  upon  the  teiTestrial 
globe  ?  Tycho,  Galileo,  Kepler,  Lahire,  and  Herschel,  have 
regarded  the  comets  as  ethereal  meteors.  Thus  theoriesr  of 
the  earth  invariably  terminate  in  questions  which  admit  of 
no  solution ;  and  all  that  we  learn  from  studying  them,  is  to 
distmst  them. 

^To  distrust  them  !"  some  Scotsmen  will  exclaim,  as  they  System  of 
read  these  lines :    **  No ;  there  is  no  more  room  for  doubt,  piaySir. 
since  Button  and  Playfair  have  discovered  the  true  constitu- 
tion of  our  globe.    Do  you  not  know  that  the  present  conti- 
nents are  wasting  away  by  the  action  of  the  air,  of  gravita- 
tion and  of  flowing  waters;  that  their  materials,  conveyed 
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BOOK  to  the  coastst  are  thence  scattered  by  the  difierent  movenieiits 
XIX.  of  the  ocean  over  the  whole  extent  of  its  bottom ;  that  a  great 
internal  heat  hardens  these  materials,  whence  is  fonned  a 
mass  like  that  of  the  mineral  beds  of  which  our  contiiwats 
are  composed ;  that  when  this  slow  disintegratioii  has  de- 
stroyed our  continents,  the  internal  heat  raises  entire  the 
beds  formed  at  the  bottom  of  the  sea,  in  consequence  of  whick 
its  waters  are  spread  over  the  wasted  and  demolished  ooati- 
nents,  and  new  continents  are  produced,  to  be  subjected  in 
their  turn  to  similar  disintej^ration  ?  This  great  process  of 
the  alternate  production  and  dissolution  of  continents^  has 
already  been  frequently  repeated,  and  no  limit  can  possibly 
be  fixed  to  its  future  duration.'^* 

Our  readers  will  of  themselves  perceive  how  very  con- 
trary this  new  system  is  to  the  evidence  of  dEicts.  We 
shall  only  beg  of  them  to  observe,  that  the  idea  of  the  for- 
mation of  mineral  beds,  by  a  subterraneous  process  similar 
to  that  wliich  Sir  James  Hall  has  exemplified  in  his  cele- 
brated experiments,  deserves  to  be  thoroughly  investigated, 
independently  of  its  connection  with  the  Huttoniaa  ^s- 


Whilst  the  philosophers  of  Europe  were  discussing  the 
claims  of  these  theories,  the  new  world  produced,  or  rather 
revived  a  system  completely  different  from  all  of  them. 
Hypothesis  Franklin,  like  Anaximenes  of  old,  supposed  that  not  only 
Un.  '^  '  all  terrestrial  substances,  but  even  all  matter,  had  exist- 
ed as  an  elastic  aeriform  gas,  irregularly  diffused  throng- 
out  the  celestial  spaces.  Gravitation  began  to  be  felt; 
the  gaseous  particles  were  attracted  towards  various  cen- 
tresf,  and  formed  globes  of  air.  This  being  supposed,  it  is 
easy  to  form  a  conception  of  the  whole  of  Franklin's  sy^ 
tem.  All  substances  are  capable  of  being  reduced  to  the 
aeriform  state,  therefore,  concluded  Franklin,  thqr  may 
all  have  been  produced  from  the  condensation  of  air,  and 
thus  must  have  been  formed  the  exterior  crust  of  the 

**  Playfair's  Illustrations  of  the  Hutton'tan  ihtorj  of  the  eortb.    Edinbusk, 
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globe^  which  in  this  system  is  merely  a  thin  solid  covering    book 
around  a  vast  elastic  fluid.    The  movements  of  this  central    ^^^ 
air  occasion  earthquakes.    This  system,  in  short,  is  not  a  — — 
mere  satire  upon  the  theories  of  the  earth,  as  some  have 
supposed,  it  is  an  hypothesis  quite  as  rational  and  ingenious 
as  those  of  the  geologists. 

After  having  traced  geology  to  the  ethereal  regions.  New  hypo* 
what  have  we  farther  to  do  ?  Shall  we  augment  the  num-  ^''"' 
ber  of  systems,  hy  endeavouring  to  shew  that  the  earth  was 
once  surrounded  hy  a  ring  like  Saturn,  and  that  the  falling 
in  of  this  celestial  vault  gave  rise  to  that  chain  of  moun- 
tains* which  occupies  the  ridges  of  the  great  continents, 
and  thos  forms,  as  it  were,  a  belt  to  the  globe  ? 

•  See  Book  vii.  p.  177.  of  this  work. 
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Cmtinuation  of  the  Theory  of  Oeography.    Of  the  JIartt, 
conMered  as  the  residence  of  organic  beings. 


SECTION  I. 

OF  THE   OBOGRAPHICAX  DISTRIBUTION  OF  VEGETABLES. 

BOOK  We  have  decomposed  the  terrestrial  globe  into  its  solid, 
XX.  liquid^  and  aeriform  parts.  Let  us  now  proceed  to  tlie 
consideration  of  those  innumerable  beings  which  exhibit 
the  spectacle  of  life  upon  every  point  of  the  globe ;  which 
embellish  its  surface^  which  feed  upon  its  inexbanstibk 
stores  of  nutricious  juices,  and  which,  by  one  common 
destiny,  find  in  it  a  thousand  different  graves.  These 
productions,  and  these  inhabitants  of  the  eartii,  are  not 
scattered  over  it  by  the  hand  of  blind  chance ;  general 
laws  have  assigned  to  each  class  of  these  organic  beings  its 
cradle  and  its  grave ;  and  these  laws  it  becomes  us  to  study 
before  we  commence  the  description  of  the  different  parts  of 
the  world. 

Vegetablest  from  the  abundance  in  which  Ihey  are  pro- 
duced, and  from  their  intimate  connection  witti  the  soily 
daim  the  first  rank.  It  is  for  the  botanist  to  examine  in 
detail  the  treasures  of  the  vegetable  kingdom  ;  the  business 
of  the  physical  geographer  is  only  to  mark  its  general  ar- 

^  rangements ;  and  here  he  finds  abundant  reason  to  admire 

that  wisdom  which  presides  over  the  constitution  of  the 
globe.* 

*  Humboldt,  Essai  eur  la  G^ographie  des  Plantes,  Stromajer,  Specimen  Geo- 
graphic  botanice.    GottingK,  1804.    Bergmann,  Geograpb.  Fbys.  Sect  vi. 
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The  temperatare  of  the  air  appears  to  form  the  only    book 
physical  limits  to  the  extension  of  vegetable  nature.    The      ^^* 

scale  of  atmospherical  heat  serves  accordingly  as  the  ordi-  ~ 

nary  scale  for  the  progress  of  vegetation.  Hence,  under  the  of  t^'^ra- 
burning  climate  of  the  torrid  zone,  we  have  only  to  ascend  ^"'^^^^^^^ 
the  monntains  to  enjoy  the  fruits  and  flowers  of  the  tem- 
perate regions.  Toumefort  found,  at  the  base  of  Mount 
Ararat^  the  common  vegetables  of  Armenia;  half  way  up, 
those  of  Italy  and  France;  and,  upon  the  summit,  those 
of  Scandinavia.  Forster  saw  several  alpine  plants  upon 
the  mountains  of  Terra  del  Fuego.*  If  the  valleys  of  the 
Andes  are  adorned  with  bananas  and  palm  trees,  the  more 
elevated  regions  of  that  chain  support  oaks,  firs,  barberries, 
and  a  number  of  kinds  common  to  the  north  of  Europe.! 
Man,  availing  himself  of  this  circumstance,  has  transported 
and  disseminated  almost  over  the  whole  surface  of  the 
globe,  those  herbaceous  plants  which  supply  him  with  his 
principal  nourishment.  Some  useful  plants  have  been 
rendered  common  to  every  climate  by  nature  herself.  An- 
tiscorbutic vegetables,  so  salutary  for  the  mariner,  when 
languishing  from  the  long  use  of  salt  provisions,  are  met 
with  wherever  there  is  a  vestige  of  life.  Cresses,  succory, 
and  wild  sorrel,  are  found  upon  the  ever-frozen  banks  of 
Hudson's  Bay,  and  in  Siberia,  as  well  as  in  those  blissful 
islands  which  are  scattered  in  the  midst  of  the  Pacific 
ocean.:}:  The  shrubs  which  produce  berries,  and  small 
fruits  agreeable  to  the  taste,  thrive  in  the  more  inhabited 
countries.  Even  in  Greenland,  the  currant  bushes  bear 
▼ery  good  fruit.  Lapland  ^lossesses  a  considerable  resource 
in  its  shrubs,  sucK  as  the  barberry,  the  dwarf  mulberry 
tree,  the  wild  wood  vine,  ('vifis  idsBca)  and  others.  Nei-Towhat 
fter  external  cold,  nor  Ij^e  absence  of  the  light,  entirely  ^^"Ig  gup- 
extinguishes  vegetable  life.  Caverns  and  mines  give  birth  po'^  cold. 
to  a  certain  number  of  plants,  particularly  to  those  of  the 

•  Bemetkungen,  p.  154,  (in  German.)  7 

t  Humboldt,  Essai  sur  la  Ofog.  d«8  Plantes,  p.  34. 
X  Anderson,  Cook's  Third  Voyage,  passim. 
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BOOK  cryptogameoqs  clasa.'i^  ^veralof  tbe8azifini^(««iid] 
^^*  cuius,  the  dwarf  wiUow9f  as  well  as  all  tiM  IfebeBs,  fika  Ae 
cold.  The  snow,  far  firon  impeding  the  vital  firactioBa  «C 
these  Tegetablesy  secures  them  agaiaat  the  eftet  ^  froslib 
and  furnishes  them  in  abundance  with  the  Qzygeii  whidi 
it  contains,  and  which,  hy  increasing  the  yigouTf  acoderafeos 
the  germination  of  the  seeds*! 

Ramond  has  proved,  that  plants  covered  bj  the  nmtfw  ftr 
several  years,  have  yet  continued  to  live  beneath  it«i  The 
organisfitiQit  of  alpine  or  polar  plants,  admita  oC  a  growth 
and  development  so  rapid,  that  a  few  warm  daya  we  aaft- 
cient  to  fructify  them.$  Perhaps  even  perpetual  snow  my 
be  the  abode  of  a  species  of  vegetation ;  at  leart  Sanaamre 
has  discovered  in  it  a  kind  of  reddish  dust,  very  i^baUy 
of  a  vegetable  nature.  Patrin,  and  Sokolof,  saw  in  Daonria, 
ground  covered  witli  vegetables,  though  entirely  sunrouiided 
by  perpetual  snow.|| 
piBntt  Extreme  heat  checks  atiU  less  the  productive  eaoi^aa  of 

hk  hot  ^'^^^  nature  in  the  vegetable  kingdoai*  provided  that  it  haat- 
waters.  tended  with  humidity.  We  see  plants  grow  net  tmiy  vpoa 
the  borders  of  hot  springs,  but  even  in  the  bosom  of  those 
waters  which  seem  likely  to  destroy  them.  SsMipka  of 
this  lund  are  to  be  found  from  Iceland  to  the  Ci^^  of  Good 
Hope,  and  from  Kamstchatka  to  the  island  of  Amhoyna»f 
The  sulphurous  exhalationst  and  the  foul  abr  of  vohmaic 
caverns,  seem  to  exert  upon  vegetation  only  a  slow  ami 
limited  influence,  while  to  animals  they  prove  tnatantiy 
fatal.** 

*  Scopoli,  Dits,  ad  Scient.  Natur.  part  u  p.  84^120.  HomlMliit,  Floia 
Friberg.  subterr.  &c. 

t  Hassenfratz,  Journal  de  TEcole  Polytechnique,  4^  cahiery  an.  IV.  p. 
S70— 5T6.  • 

%  Ramond,  Observnt.  p.  51. 

«  Martens,  Voyage  to  Spitsbergen,  p.  54,  (In  Genntn,)  liim»I,  flob 
Lapp.  praf.  pi.  zz. 

II  Patrin,  Voyage,  p.  19. 

t  Olafien  et  Povelsen,  Travels  in  Iceland,  (in  German)  ii«  p.  91|  and  U1. 
Krascheninikow,  Kamstcbatka,  (in  German)  p.  91.  Sparman,  Voyage,  Qn 
Gerisao,)  p.  142.    LabiUardiere,  torn.  i.  p.  324. 

f  •  S«xlavie,  Works  of  HamiUon  p.  246.    Smith's  Tour,  &c.  ii.  p.  103. 
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i%0  mnst  fomidAMe  obstacles  to  vegetation  is  tlw  ab«    boo& 
(mice  of  humidilrf .    Look  to  those  sandy  deserts  viider  the     <^ 
eqiatoiv  m  well  as  towards  the  Pole,  condemAed  to  perpe-  — . 
tiial  sterility;     Not  a  drop  of  rain  can  settle  on  such  a  ^cemmry 
loose  soil,  always  mo^ng  with  the  winds :    Not  a  seed  can  ^  v«seta- 
strike  root  into  it    It  is  nnquestionably  to  causes  rery  si- 
milar that  we  must  ascribe  the  nakedness  of  several  moun- 
tains ;  precipitous  sides,  or  flat  summits,  aflbrd  no  shelter  to 
the  vegetable  colonies  which  the  winds  transport  to  them, 
whilst  on  other  mountains  under  a  colder  temperature 
several  plants  are  still  suppcnrted.    For  example,  tibe  shiv- 
ering moontain  in  Derbyshire  produces   no  herbs,  be- 
dinss  its  sides  are  daily  decomposed   in  their  schistous 
plates,  which  are  constantly  gliding  down  to  the  bottom.* 
The  pressure  of  the  atmosphere  exercises  a  striking  in-  Pressure  of 
floence  upon  the  configuration  and  life  of  plants.    In  ve-  gphe^e?^" 
getables  the  functions  essential  to  life  are  perfonned  cbiisfly 
tttke  surface ;  hence  their  great  dependence  on  flie  medium 
by  which  they  are  surrounded.    Animals  are  aflbcted  raflier 
by  tatemal  excitement,  and  acquire  of  themselves  the  tempe- 
ntore  which  suits  them.    Respiration  by  the  eindermis  is 
tte  most  important  vital  function  of  plants;  and  this  fimc* 
tfam,  in  so  far  as  it  is  subservient  to  the  evaporation  and  se- 
cretion of  fluids,  depends  on  the  pressure  of  the  atmosphere; 
on  tills  account  the  Alpine  plants  are  so  aromatic,  so  downy, 
and  so  plentifully  furnished  with  secretory  vessels.    On  the 
contrary,  these  plants  grow  with  difficulty  in  llie  plains, 
where  their  respiration  by  the  epidermis  is  impeded  by  the 
increased  pressure  of  the  airlf 

The  chemical  nature  of  the  soil  manifests  its  influence  Chemical 
'ipon  vegetables,  rather  by  modifying  their  juices,  HieirJ^e^n"^ 
fruits,  and  Ihe  stateliness  ii  their  appearance,  than  by  set- 
ting limits  to  their  cultivation.     Common  salt,  however, 
dissolved  and  scattered  over  the  «oil  in  considerable  quan- 

*  Kuttner,  Beytr»ge,  &c.  that  is,  Mem.  sur  TAngleterre,  cah.  ?U.  p.  30, 
t  Humboldt,  Tableaux  de  la  Nature,  ii.  p.  115.  n,  14, 
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BOOK  titieSf  almost  entirely  prevents  the  growlii  of  v^getakks.* 
x^  The  fusion  which  lava  undergoes,  is  probably  the  only 
""""""*  cause  whichy  for  some  centuries  has  retarded  the  progress 
of  vegetation  on  its  surface,  whilst  the  volcanic  cinders 
raise  most  abundant  crops.f  In  general,  the  soil  scarves 
only  as  a  support  and  shelter  to  plants ;  they  derive  their 
nourishment  from  the  water  and  the  oily  fluids  which  are 
collected  together  in  the  earth,  and  imbibed  by  their  roots. 
A  very  small  quantity  of  earth,  dissolved  in  these  fluids,  is 
absorbed  by  the  plant  Other  causes  also  contribute  to  the 
support  of  vegetable  life.  Plants  respire  through  thdr  air- 
vessels  the  different  fluids  of  the  atmosphere ;  the  presence 
of  light  especially  is  indispensable  to  the  chemical  operation, 
by  which  the  pabulum  or  food  of  the  plant  is  assimilated 
into  its  substance.  The  elementary  earths  obtained  from 
plants  by  chemical  analysis,  appear  rather  to  be  the  pro- 
duct and  remains  of  the  digestion  by  which  the  vegetable 
assimilates  its  food,  than  particles  immediately  dmved  from 
the  surrounding  soil4  The  experiments  of  M.  Schrader 
have  shown,  that  the  plants  which  vegetate  in  sublimed 
sulphur,  give,  when  analyzed,  the  same  earth  as  those  which 
I'ands  grow  in  the  ordinary  way.$  These  observations,  famished 
abound  10  by  vegetable  physiology,  may  explain  why  the  siliceous 
piutf.  earth  forms  so  large  a  portion  of  the  substance  of  plants, 
although  the  calcareous  soils  are  generally  covered  with  a 
more  vigorous  and  more  abundant  vegetation  than  the 
granitic  soils.  The  calcareous  earth  attracts  humidity,  dif- 
fuses warmth,  and  supplies  the  plants  with  fixed  air ;  but 
it  is  the  silex  which  predominates  in  the  best  vegetable 
earth.||  The  siliceous  matter  abounds  also  in  grasses,  and 
in  several  varieties  of  rushes.  There  have  been  found  in  the 
ashes  of  rye  straw  no  less  than  70  parts  of  silex  in  100  of 

*►  Forskal,  Flor.  Egypt,  p.  45. 

t  Hamilton's  Works,  p.  33.     Bry doners  Tour,  yol.  i.  p.  116. 

%  Senebior,  Encyl.  Method.  Veget.  Physiol,  vol.  i. 

i  Schrader.  deux  M^moires  couronn^s  sur  la  nature  des  parties  terreufes  6ts 
plantes,  Berlin,  1800.  (in  Germ.) 

^  Exp6ri«Bee8  de  Fourcroy  de  Giobert,  &c.  Encycl.  Nat.  PbVsiol.  Veget.  rol 
i.  p.  |76. 
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straw.    The  joints  of  the  hamboo  contain  crystallizations    book 
of  pure  silex."!^    There  are,  however,  other  plants  which      ^^* 
arc  as  much  impregnated  with  calcareous  earthy  such  as  the  - 

CharawlgariSf  the  Hypnum  crista  castrensiSf  the  JVVcfcera 
dendroideSf  and  several  cryptogamic  plants.f  Other  plants^ 
such  as  the  SaUola  kali,  the  salicornia,  the  mesembry-anthe- 
mum^  float  almost  in  a  solution  of  alkali.  All  the  substan- 
ces which  chemistry  procures  from  vegetables  are  reducible 
into  four  elements,  namely,  oxygen,  hydrogen,  azote,  and 
carbon.  The  alkali  which  is  extracted  from  several  vege- 
tables, probably  owes  its  origin  to  the  azote.  Tannin,  the 
principle  of  astringency  which  is  found  in  the  bark,  the 
roots,  and  the  leaves  of  some  trees,^seems  to  be  carbon  in  a 
particular  state.  Vegetable  physiology  is  full  of  uncer- 
hkintyf  and  can  furnish  the  geography  of  plants  only  with  a 
Tery  limited  number  of  principles. 

The  empire  of  vegetation  embraces  the  globe  from  pole&tent  of 
to  pole,  and  from  the  summit  of  the  Andes,  where  the  lichen  ^•^•^•tton* 
creeps  over  the  hardest  rocks,  to  the  bosom  of  the  ocean, 
from  which  floating  fields  of  alg»  and  fuci  rise  unseen* 
Cold  and  heat,  light  and  shade,  fertile  lands  and  pathless 
deserts,  every  place  and  every  temperature  has  its  own 
kind  of  vegetation,  which  thrives   and  prospers  tliere.^ 
Plants  of  the  cryptogamic  class  even  ramify  upon  the  dark 
vaults  of  mines,  and  upon  the  walls  of  the  deepest  caverns. 
The  course  which  vegetation  pursues  in  its  conquests  over  Progrera  of 
inorganic  matter,  presents  remarkable  gradations.    "  Let  a  ^®K****'®"» 
volcano,'^  says.  M.  Humboldt,  '<  raise  up  from  the  bottom 
of  the  sea,  all  at  once  above  the  boiling  waves,  a  rock  covers 
^  with  scoria ;  or,  to  refer  to  a  less  dreadful  phenomenon, 
suppose  the  nereides,  with  united  industry,  continue  to  ele- 
vate their  cellular  abodes  for  thousands  of  years,  till,  finding 
tiiemselves  above  the  level  of  the  sea,  they  die,  after  having 
in  this  way  formed  a  flattened  idle  of  coral;  organic  force 

*  Lampadius,  Samlong  praktischer  Abhaudl.,  iii.,  p.  187.  Davy,  Nichol- 
son, Tol.  ii.  No.  27,  p.  56.  Made  and  Russel,  Philosopb.  "f  ransact.  vol.  Ixxx, 
andlxxzi. 

i  Humboldt,  Apborism,  p.  105, 106. 

t  Linneas,  Am<£nitat.  acad.  vol.  iv.  p.  64. 
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BOOK  is  fiifltaHtly  reftdy  to  produce  vegetation  upon  tiiis  fock: 
^^  yet  who  can  have  brought  there  so  mddenly  the  seeds  rf 
'  '  '  plants  ?  Is  it  the  birds,  or  the  winds^  or  the  wayes  off  the 
sea  ?  It  is  the  great  distance  from  flie  coasts  whicli  reoden 
it  diflcttlt  to  decide  this  question.  But  scarcely  has  the  air 
come  In  contact  witfi  the  naked  rock,  when  in  the  norliieni 
dtmates  there  is  formed  upon  its  surface  a  net-work  «f 
tufted  threads,  which  appear  to  the  unassisted  eye  like 
coloured  spots*  Some  of  them  are  bordered  by  fines  bead- 
ing outwards,  sometimes  single,  sometimes  double;  ofdnts 
are  cat  by  furrows  which  cross  each  other.  As  they  grow 
older,  their  bright  colour  darkens ;  the  ydlow,  which  dioae 
even  to  a  great  distance,  changes  into  brown,  and  the  UniA 
gray  of  the  lepraria  insensibly  acquires  a  tint  of  dusty  Mack. 
The  extremities  of  the  older  coverings  approach  and  mingle 
together;  and  upon  this  dark  ground  are  formed  new  licheas 
of  a  circular  form,  and  of  a  dazsling  whiteness*  It  is 
thus  that  an  organic  net-work  is  wrought  in  sncceanTe 
layers.  Where  the  majestic  oak  now  raises  its  aerial  head, 
slender  lichens  once  covered  the  bare  rock»  Moss^  grawMy 
heriiaceons  and  shrubby  plants,  fill  up  this  long  interval, 
flie  duration  of  which  cannot  be  calculated :  In  the  torrid 
2one,  the  portulaca,  the  gomphrena,  and  other  low  plants 
inhabiting  the  shores,  supply  the  place,  and  produce  the 
effects  of  the  lichens  and  mosses  in  the  northern  climates." 
This  interesting  observation  tends  to  establish  certain 
epochs  in  the  history  of  the  successive  propagation  of  the 
plants  which  noW  cover  the  earth :  Without  doubt,  Kfheie 
vq;etation  had  already  thrown  her  verdant  mantle  ovw  the 
primary  and  secondary  mountains,  4he  ternary  lands  ud^t 
Btm  he  seen  scarcely  dried,  covered  with  moddy  dime^  and 
sown  with  some  languishing  plants^  rushes^  mosses,  and 
thick  bushes  of  osier  and  willows.  The  Greeks  alleged, 
that  men,  animals,  and  plants^  inhabited  the  mountains  long 
before  they  spread  themselves  over  the  plains,  and  along 
the  coasts.*   • 

•  Plat,  de  Leg.  iii.  Oper.  ii.  p.  677.  Edit.  Scrran,    Aristot.  IVUteoroI.  ii,  1?. 
Btfabo.  Gcog,  i.  and  iii.  407,  cd.  Ca«. 
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Tacitus  describes  Germany  as  full  of  iaaccessible  marA«    iknmk 
es,  which  are  now  in  a  great  measure  dried  up.    Kadbeck      ^^ 
himself  admits,  that  according  to  the  tradition  of  the  conn-  . 

trjy  the  lew  parts  of  Scandinavia  presented  the  same  as-  thTpropL't 
pect*    Thus,  history  appears  to  confirm  the  hypothesis  s»s^tion  of 
mgenioiisly  developed  by  Lacepede  and  Ramondjt  accord-- 
ing.to  wbichy  we  ought  to  look  upon  tiae  great  chaiaa  off 
Boontaiiia  as  so  many  centres,  whence  vegetable^  as  well  aa 
aaimal  popiilatioa,  was.  scattered  over  the  vest  of  the  glofaAi 
In  truth,  the  chains  of  the  Alps  of  Mount  Atlas  and 
Mount  Ta«rq%  the  central  upland  pbin  of  Asia*  that  af 
Sottthers  Africa,  the  Andes,  the  Allegany  BioiHitain%  seeaa 
to  be  the  native  land  of  the  vegstabto  which  caver  the 
eoantriea  lying  at  their  base.    To  these  grand  eentvea  olPrimiUTe 
the  vegeteble  kingdom,  the  progress  of  discovery  wiil^  we  v^^tioo. 
long,  add  the  upland  jdains  or  chains  of  mountains  which 
are  snpjtosed  to  occupy  the  interior  of  New  Holland  and 
tte  aorth*we8t  parts  of  America^ 

It  would,  we  conceive^  be  extremely  unwarrantaMe  to 
reduce  these  centres  of  vegetable  and  animal  life  to  ena 
single  centre^  as  has  been  attempted  by  several  phUosophen^ 
led  away  hy  an  undue  regard  to  mythological  traditions,  or 
to  their  own  interpretation  of  the  sacred  records.  Gould 
tbe  organic  energy  by  which  matter  was  animated,  httte 
acted  originally  only  upon  one  point  of  the  globe  ?  WeuM 
not  nature,  upon  the  banks  of  Senegal,  have  exercised  the 
same  power  as  upon  the  shores  of  the  Ganges  ?  Why  should 
com  have  sprung  up  in  Tartary  brfere  it  grew  in  Europe  ? 
Why  have  not  Spain  and  Italy  produced  wild  olives,  when 
Persia,  which  is  much  colder,  is  covered  with  them  i  TheMigrmtion 
pretended  migrations  of  plants  are  very  much  exaggerated.  ^  ^  ^^* 
We  are  willing  to  suppose,  for  example,  that  Europe  has 
received  wheat  and  barley  from  Tartary,  the  walnut  tree 
from  Persia,  the  olive  from  Syria,  the  vine  from  the  bor- 
ders of  the  Caspian  Sea;  in  short,  we  accumulate  histeri- 

*  Rudbeck,  Atlantica,  i.  p.  45.  Torfasi.  Hist.  Nonveg.  i^  p.  1 11. 
t  Memoires  d^  Hnstitut  et  Annales  du  Museum. 
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BOOK    cal  proofs,  to  shew  that  all  our  usefal  plants  come  from 
*^*     Asia  ;*  but  all  these  observations  of  the  ancients  relate  only 
""  to  the  culttvaiion  of  a  plant,  and   not  to  its  origin.     Lu- 

cullusy  without  doubt,  was  the  first  who  brought  from  Ce- 
rasus,  in  Pontus,  the  cherry  trees  since  cultivated  in  Italy ; 
but,  in  relating  this  fact,  Pliny  tells  us  that  the  cherries  of 
Lusitania  were  the  most  esteemed  in  Belgic  Grant,  and 
that  Macedonia  produced  a  particular  kind.t  Woald  he 
have  spoken  in  this  manner,  had  the  cherry  trees  of  Ma- 
cedonia and  Lusitania  been  propagated  from  those  of  Pon- 
tns  ?  The  same  author,  however,  seems  to  allow  that  the 
Tine  was  indigenous  to  6aul4  Ancient  traditions  concur 
in  ascribing  the  first  cultivation  of  wheat  to  Sicily  or  to  At- 
tica, a  cultivation  contemporary  with  the  first  attempts  at 
legislation.^  A  kind  of  rye,  known  under  the  Celtic  name 
of  Arinca,  from  which  the  term  used  in  Dauphiny,  <'  Riguet,'' 
is  derived,  was  a  native  of  GauL|| 

These  examples,  which  it  were  easy  to  multiply,  prove 
tiiat  the  farinaceous  plants,  and  in  general  the  v^etables 
of  Europe,  may  dispense  with  the  honour  of  a  foreign  ori* 
gin.  On  the  other  hand,  we  cannot  deny  that  the  migra- 
tions of  man  have  a  singular  influence  upon  the  geographi- 
cal extension  of  plants.  Not  only  has  man  intentionally 
carried  the  cofl*ee-tree  from  Arabia  to  the  West  Indies,  and 
the  potato  from  America  to  the  shores  of  Europe,  but  even 
the  accidental  introduction  of  a  foreign  grain  into  a  bale  of 
merchandize,  has  propagated  many  plants  from  the  Brazils 
to  the  environs  of  Lisbon,  and  some  of  these,  in  their  turn, 
from  Portugal  to  the  coasts  in  the  neighbourhood  of  Fal- 
mouth and  Plymouth  in  England. 

*  Heyoe,  Opusc.  Acad.  vol.  i.  p.  330-383.  Linn£,  ColonisQ  Plaiitarum,  kc, 
Sprenge),  cit6  par  Humboldt,  Tableaux  de  la  Nature,  i.  Bureau  de  la  Malle, 
Aper^ude  rOrigine  des  Plantes  C^reales,   Annales   des    VoyageSy    z.    321. 

t  PUd.  lib.  XV.  cap.  25. 

i  Id.Plin.ziT.3,9, 

^  Pausan.  in  Ar^d.    CaHiin.  Hviun.  in  Cerer.    Plin.  vii.  56. 

II  Plin.  xviii.  8. 


PHT9ICA£  OEOattAlPHT.  495 

There  are  in  fbe  diasemination  of  plants  several  singular!-    book 
ties  difficult  to  account  for  and  even  to  define.     Seine  plants      ^^ 
appear  to  live  in  society,  and  occupy  exclusively  large  tracts 
of  ground,  from  which  they  banish  all  other  vegetables,  plants* 
We  can  trace  through  Jutland,  Uolstein,  Hanover,  West- 
phalia* and  Holland,  a  long  chain  of  hills,  entirely  covered 
with  common  heath,  and  the  Erica  tetralix*    The  fai*mers 
have  o|iposed  for  centuries,  but  with  little  success,  the  in- 
roads of  these  vegetable  hosts.* 

It  is  singular  that  the  genus  called  Erica^  is  found  only 
upon  one  side  of  our  planet  Of  the  137  species  of  heaths 
at  present  known,t  there  is  not  even  one  to  be  met  with 
in  tiie  new  continent,  from  Pennsylvania,  and  the  coast  of 
Labrador^  to  Nootka  and  Alashka.  They  appear  even 
rery  rare  in  Asia.  We  see,  at  other  times,  very  singular 
leaps  or  intervals  in  the  distribution  of  plants.  Most  of  the 
forest  trees  of  Europe,  and  even  those  which  are  the  hardiest, 
disappear  towards  the  Uralian  mountains,  and  particu- 
larly towards  the  banks  of  the  Tobolsk  and  the  Irtych; 
they  do  not  grow  in  Siberia,  although  under  the  same  cli- 
mate. The  oak,  the  nut  tree,  and  the  wild  apple,  are  sub- 
ject to  this  common  law.  In  vain  should  we  search  for  one 
plant  of  them  from  the  Tobol  to  the  Daouria.  The  two 
first  of  these  trees,  however,  reappeai'  suddenly  upon  the 
banks  of  the  Argoun  and  the  Amur ;  the  last  occurs  anew 
in  the  Aleutian  Islands.:^ 

These  remarks  will  have  shown  how  difficult  it  is  to 
mark  with  exactness  the  regions  of  botanical  geography,  a 
subject  which,  besides,  appears  to  belong  to  that  part  of  our 
work  which  contains  a  particular  description  of  the  differ- 
ent countries.  We  must  here  confine  ourselves  to  a  brief 
sketch  of  the  general  appearance  and  the  advantages  of 
vegetation  in  the  different  %(mes  of  the  globe. 

*  Humboldt,  Tableaux  de  la  Nature,  ii.  47. 
t  There  are  upwards  of  four  hundred  sorts  or  varieties.     T. 
X  Georgi,  Description  de  la  Russie,  iii^tome,  4«  partie,  p.  1015,  et  Separtie, 
P- 1301, 1305. 
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BOOK       'The  firozen  smhib  cratainB  few  i;p«te^  ba^  as  ia  tiie  Aort 
XX.     career  of  the  Polar  8iimaier»  yegetatioa  is  rerjr  ra|M»  ibem 
y  qiecies  comprehend  a  greater  nvmber  of  iadividmls  thaa 

of  th9  fco-^  is  commonly  imagiaed.  The  verdure  of  the  Polar  saanacr 
eenzone.  ^  oHifined  to  the  hills  which  have  a  soatheni  eaqioaafe; 
tiioagh  extremely  sinrt-lived,  it  is  sometimes  very  brittiant 
Besides  mosses  and  lichens^  we  perceive  femsy  CRe|B&g 
plants^  aad  badies  with  berries,  suck  as  Mm  cnrrast.  He 
Rubus  chamsemorus,  the  Ruhas  areticus^  aad  the  diffeteut 
sorts  of  Yacciuiam,  the  resources  and  flie  hccmrieB  of  Si- 
beria aad  Lapland.  No  where  else  are  these  fmits  mors 
abandsttt^  or  possessed  of  a  finer  flavour.  The  froaoA  aooe 
also  admits  of  some  trees,  particularly  the  birdi  aoMl  wil- 
low; bat  they  remain  always  dwsarCB,  never  growiig 
hig^  thaa  <me  or  two  fe^  Socb,  however,  is  tiie  privi- 
lege of  the  climate  of  Europe,  that  Lapland,  which  la  al- 
most entirely  situated  in  the  froaen  zon^  pmdaeea  rye  aad 
legmninouB  plants,  and  would,  according  to  De  Heniieli% 
have  supported  fine  forests,  if  an  uitwise  economy  had  not 
procured  their  dceitruction.  As  the  mosses  and  lichens  of 
Iceland  and  Greenland  are  found  upon  the  Alpa  and  Fy- 
reaeei^  it  may  be  said  that  the  frozen  zone  possessee  bo  spe* 
cies  peculiar  to  itself. 
VegetaUon  The  northern  temperate  zone  may^  with  rehUioa  to  the 
tei^rate  Vegetable  kingdom,  be  divided  into  two  parts  ;  but  the  li- 
zone.  mit  of  these  demi-zones  varies  according  to  local  clinsla 
from  the  50th  to  the  40th  parallel  of  latitude. 

Upon  the  boundary  of  the  temperate  and  frozen  zone  be- 
gins the  perpetual  verdure  of  the  pine  and  the  fir,  trees  alikie 
distinguished  for  the  almost  crystallized  regularity  of  their 
form,  and  for  retaining  their  vital  warmth  amidst  the  chill- 
ing rigoui*s  of  winter ;  resembling  in  this  latter  circnmstanoe 
the  natives  of  the  soil,  whose  moral  resources  have  sur- 
mounted all  the  disadvantages  of  their  ungenial  climate. 
Several  fruit  trees,  the  apple,  the  pear,  the  cherry,  and 
the  plum,  and  certain  vegetables,  such  as  cabbage,  pease, 
and  radishes,  grow  better,  or  are  more  cultivated  in  the 
northern  half  of  the  temperate  zone.    Flax  and  hemp  are 
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indigenous  to  it  The  verdure  is  more  brilliant  tliere,  par*  book 
ticulariy  in  the  regions  adjacent  to  the  sea.  As  we  ad-  ^^ 
yance,  the  oak,  the  maple^  the  elm,  and  the  limey  gain  the 
saperiority  over  the  pine  and  the  fir.  The  more  delicate 
fniitsy  such  as  the  oliv^  the  lemon,  the  orange,  and  the  fig, 
and  amongst  the  wUd  trees,  the  cedar,  the  cypress,  the 
cork,  more  especially  belong  to  the  most  southern  part  of 
the  same  zone.  There  is  even  a  perceptible  dilTerence  in 
the  cultivation  of  vegetables  beyond  and  within  the  45th 
degree.  Beans,  lentils,  and  artichokes,  appear  indigenous 
to  the  south  of  this  linej  the  onions  there  have  less 
pungency.  Truffles  and  many  other  delicate  or  aromatic 
vegetables,  do  not  come  to  the  same  perfection  to  the  north 
of  this  parallel. 

The  vine  and  the  mulberry  occupy  the  space  between  the  ^omtry  of 
30th  and  50th  parallels;  we  may  even  say,  tiiat  if  the  vine  ^  ^  ^"^' 
has  followed  civilization  to  the  50th  degree  and  beyond  it^ 
it  is  only  in  France^  in  Oenaany,  and  in  Hungary,  a  part  of 
the  globe  too  small  to  be  conslderod  otherwise  than  as  an 
exception.  The  true  country  of  Hie  vine  is  to  the  southward 
of  flie45th  degree.  The  peo^e  who  live  to  the  north  of 
tiiis  parallel  extort  from  the  soil,  by  the  application  of  la- 
bour and  of  skill,  what  nature  lavishes  away  with  sponta- 
ittous  profusion  on  the  ignorance  of  the  vine-dressers  of 
Italy,  and  the  indolence  of  those  of  Spain.  Peaches,  apri- 
cots, almonds,  quinces,  chesnuts,  and  nuts,  are  equally  injured 
in  flieir  growth  as  they  approach  the  neighbourhood  either 
of  the  tropic  or  of  the  polar  circle. 

Oats  and  barley  are  the  kinds  of  com  which  best  bear  the  CoiUYm- 
cold;  barley,  in  particular,  seems  to  lengthen  or  shorten  ^^^iJ^^^ 
the  period  of  its  vegetable  life  according  to  the  duration  of 
summer.  In  Lapland,  and  at  Olekminsk  in  Siberia,  it  ri- 
pens in  seven  or  eight  weeks;  notwithstanding  this  asto- 
nishingly rapid  growth,  it  is  sometimes  overtaken  by  the 
frost  of  the  Siberian  winter.'N' 

Between  the  60th  and  40th  degrees,  the  more  fortunate 

*  Georgi,  Deacription  de  la  Ruwie,  iii.  716. 
TOt.  I.  32 


498  BOOK  TWENTIETH. 


husbandman  fills  his  granaries  with  rye,  wheat,  miUei^  and 
^^     buck-wheat ;  rich  in  these  treasures,  he  envies  not  the  more 
southern  climates  their  rice,  their  maize,  and  other  grain 
of  a  similar  kind.    Grain  of  this  description,  less  favourable 
to  tiie  health  and  rigour  of  man,  can  however  be  raised  in 
the  latitude  of  50* ;  but  a  wise  system  of  rural  eoonon^ 
prefers  the  culture  of  less  uncertain  crops. 
The  European  bom  to  the  north  of  the  Alps,  is  readj  to 
General     ^™^  ^  ^^^^  ^^^  ^^  ^^  character  of  the  zone  4ying  between 
aspect  of   the  40th  and  the  25th  degrees  of  latitude.    Leaving  our 
temperate  n^^j^^^  forests  of  oaks,  and  our  delightfiil  orchards,  wiiere 
his  feet  have  been  accustomed  to  tread  upon  a  verdant  turf, 
he  crosses  the  Alps,  the  Cevennes,  the  Pyrenees,  and,  struck 
with  the  naked  and  scorched  appearance  of  Provence^  of 
Italy,  or  of  Spain,  he  instantly  figures  to  himsdf  beyond 
the  Mediterranean  vast  seas  of  sand  in  Africa,  and  is  tempt- 
ed to  imagine  that  all  this  zone  is  naturally  destitute  of 
trees.    In  this  opinion  he  is  wrong.    It  is  true  that  in  all 
the  countries  adjacent  to  the  Mediterranean,  and  where  se- 
condary calcareous  earth  predominates,  a  part  of  the  sur- 
face of  the  soil  is  composed  only  of  barren  rocks.     The 
beautiful  picturesque  appearance  of  Italy  is  chiefly  produ- 
ced by  the  agreeable  contrast  which  is  presented  by  the 
naked  rock,  and  the  lively  vegetation  scattered  here  and 
there  over  the  surface :  but  wherever  this  rock,  from  being 
less  cracked  and  chinky,  retains  the  water  at  the  surface  of 
the  ground,  as  is  the  case  upon  the  borders  of  the  enchanted 
lake  of  Albano,  Italy  has  its  forests  of  oaks  as  branchy 
and  as  green  as  those  which  we  admire  in  the  north  of  Eu- 
rope.*   The  great  deserts,  or  seas  of  sands  in  Africa^  pre- 
sent merely  a  local  phenomenon,  and  one  which  is  not  pe- 
culiar to  the  zones,  since  similar  deserts  occur  in^Persia  and 
Tartary,  under  a  much  less  elevated  latitude.    If  we  admit 
the  theory  of  M.  Deluc,  they  formed  the  bottom  of  the  an- 
cient sea  of  the  globe. 
It  must  however  be  allowed  that  the  warm  temperate 

*  Humboldt,  Tableaux  d«  la  Nature,  i.20. 
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sBone^  or  that  from  the  40th  to  the  25th  parallel^  presents  in 
gemral  less  constant  humidity,  and  a  less  beautiful  vegeta-  ^^x. 
tkm  than  the  cold  temperate  zone.  The  only  exceptions  oc*  -*— — 
cor  JB  tiie  United  States  and  in  China,  regions  where,  in 
oonseqBMioe  of  their  peculiar  geographical  situation,*  the 
climate  of  the  cold  temperate  zone  aadiliat  of  the  torrid  zone 
run  so  much  and  so  frequently  into  each  other  as  to  produce 
a  most  agreeable  mixture  of  the  northern  with  the  equato- 
real  vegetation. 

The  torrid  zone  possesses  vegetable  wealth,  which  we  Vegetation 
should  in  vain  expect  to  realise  in  the  other  regions  of  the  ^(^^l^^^' 
globe.  It  is  in  that  zone  that  the  most  juicy  fruitEi,  and  the 
most  pungent  aromatics  arrive  at  perfect  maturity,  and  ve- 
getation of  every  kind  is  distinguished  for  stateliness,  varie- 
ty, and  splendour.  There  the  glowing  beams  of  the  sun 
raise  tiie  plant  into  a  shrub,  and  the  shrub  into  a  tree.  The 
sim^e  sap,  which  in  other  r^ons  merely  flows  in  the  veins 
of  vegetables,  there  ripens  and  exudes  through  the  stem  un- 
der the  form  of  balms,  gums,  and  juices,  which  either  form 
powerful  remedies  i^ainst  the  attacks  of  disease,  or  gratify 
the  fastidious  and  stimulate  the  blunted  taste  of  the  volup- 
tuous European.  What  a  paradise !  if  we  could  but  trans- 
port thither  civilization  and  morality.  It  is  there  that  the 
ground  produces  the  sugar-cane,  the  coffee-tree,  the  palm, 
the  bread-tree,  the  pisang,  the  immense  baobab,  the  date,  the 
cocoa,  the  vanilla,  flie  cinnamon,  the  nutmeg,  the  pepper,  the 
camphor-tree,  &c.  &c.  There  are  also  various  sorts  of  dye- 
wood,  and  particular  kinds  of  corn,  such  as  the  durra,  the 
holcus,  the  cambu,  the  kebru,  which  almost  exclusively  be- 
long to  the  torrid  zone ;  while  this  zone  is  not  destitute  of 
tny  species  which  grows  under  a  less  warm  sun.  The  plant 
which  in  Siberia  vegetates  in  the  plain  is  found  at  the  high- 
est summits  of  the  mountains  under  the  line,  and  the  sides 
of  these  same  mountains  correspond  to  the  climate  of  the 
temperate  zone. 

The  appearance  of  vegetation   under  the  equator  cii- 

*  Compare  Book  xrii,  p.  406. 
3g 
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BOOK    chants  the  imaginatioii ;  it  is  there  that  pbnts  display  the 
^^      most  majestic  forms.    As  in  the  frosty  regions  of  the  WHth 
the  bark  of  the  trees  is  covered  witii  lichens  and  moss,  so 


ance  of\«.  between  the  tropics  the  cymbidium,  and  the  fragrant  TaniUa 
theVorrid"  '^^^  ^^  trunk  of  the  anacardium»  and  of  the  gigantic  fig* 
zon«.  tree.  The  fresh  verdure  of  the  leaves  of  the  poAos  fanns 
a  contrast  to  the  flowers  of  tiie  orchis,  variegated  by  a 
thousand  diflbrent  colours.  Hie  banhinia,  the  climbing 
passion-flowers,  and  the  banisteria,  with  its  flowers  of  goM, 
twine  around  the  trunks  of  the  forest  trees.  Delicate  flow- 
tm  spring  from  tiie  roots  of  the  theobroma,  as  well  as  from 
the  thick,  hard,  and  bladLened  rind  of  the  gourd  and  of  the 
gustavia.  In  the  midst  of  Uiis  esraberant  vc|;etatioii,  and 
this  confusion  of  climbing  plants,  it  often  costs  the  natoral- 
ist  trouble  to  ascertain  to  what  stem  the  leaves'and  flowcn 
belong.  One  single  tree,  adorned  with  the  pauUinia,  flie 
bq^nia,  and  the  dendrobium,  forms  a  group  of  plants 
which,  separated  from  one  another,  would  cover  a  considera- 
ble  space.'N'  In  the  torrid  zone,  the  plants  which  are  most 
abundant  in  juices,  present  a  brighter  verdure^  and  larger 
and  more  magnificent  leaves  than  in  the  northern  diraates. 
The  vegetables  which  live  in  groupes,  and  which  render  Ae 
countries  of  Europe  of  so  monotonous  an  aspect,  are  very 
seldom  to  be  met  with  in  the  equatoreal  rqj^ons.  Trees 
twice  as  high  as  our  oaks  are  decked  with  flowers  as  laqp 
and  as  beautiful  as  our  lilies.  Upon  the  shady  banks  of 
the  Madalena,  in  South  America,  grows  a  climbing  aristo- 
lochia,  tiie  flowers  of  which  are  four  feet  in  drcumferenoe. 
Children  amuse  themselves  by  covering  tiieir  heads  witii 
them.  We  may  add  to  this  description,  the  gigantic  forms 
of  the  baobabs,  whose  circumference  sometimes  extends  to 
80  feet,  and  the  elegantly  bold  shape  of  the  eucalyptus,  and 
of  the  gummy  palm  trees,  which,  rising  to  the  hdg)it  of 
from  150  to  180  feet,  form  amal  porticos  above  flie  fo- 
rests. 
The  extraordinary  elevation  to  which  whole  tracts  of 

*  Humboldt,  Tableaux  de  !a  Nature,  ir.  60. 
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Goantry  rifle^  under  the  tropics,  and  the  cold  temperature  of  book 
that  elevationf  present  to  the  inhabitants  of  the  toprid  zone,  ^^« 
an  extremely  singular  prospect  Besides  the  groups  of 
palm  and  banana  trees,  they  see  also  around  them  the  vege- 
table forms,  which  appear  to  belong  only  to  the  regions  of 
the  north*  Cypresses,  firs,  and  oaks,  barberries  and  alder 
trees  nearly  resembling  ours,  cover  the  mountainoas  dis- 
tricts of  the  south  of  Mexico  as  well  as  the  chain  of  the 
Andes  under  the  equator. 

The  southern  temperate  zone  should  now  terminate  the  The  umpe- 
phytographical  description  of  the  globe,  could  we  venture  em  s^e.  * 
to  assert,  that,  with  reference  to  vegetation,  such  a  zone  does 
eaist.  It  appears  tiiat  the  three  extremities  of  America,  of 
Africa*  and  of  New  Holland,  included  in  this  zone^  contain 
only  vegetable  colonies,  which,  taking  their  origin  from  the 
torrid  zone  of  each  of  these  regions,  have  spread  themselves 
towards  the  soutii.  It  is  therefore  probable  that  the  vegeta- 
tion of  these  three  continental  extremities,  even  were  it  bet- 
ter known  than  it  is  at  present,  would  present  to  us^a  few 
detached  local  scenes  rather  than  any  general  picture. 
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BOOK  XXI. 


Coniifiuaium  of  the  Theory  of  Beograpkif.    Of  the  Xarikf 
considered  as  the  residence  of  Organic  Beings. 


SECTION  II. 

OF   THS-GEOGBAFHICAX  DlgTBIBUTION  OF  AlflMAXS. 

BOOK        T^ni&  unknown  power  which  first  put  in  motion  the  springs 
XXI.    of  animal  life^  and  which  continues  to  keep  them  in  play^ 
was  certainly  not  confined  to  one  particular  region  oftiic 
^wt"^     glohc.    Matter,  everywhere,  must  have  acquired  animation 
at  the  sound  of  the  Creator's  voice;  the  elementary  parti- 
cles, while  attracting  each  other,  and  ranging  themselves 
in  fibres,  muscles,  and  hones,  must  have  every  where  jnv- 
Spontane-  sented  the  spectacle  of  that  spontaneous  generation,  whidi 
tionf  *'^  is  probably,  at  all  times^  ushering  into  existence  millions  of 
aquatic  and  other  animalcules,  some  of  them  so  minute  as 
appear  to  the  most  powerful  microscope  merely  as  a  small 
point  or  globe,  destitute  of  organs.*    It  is  difficult  to  con- 
ceive that  tiiere  exists  in  this  original  tendency  of  matter 
towards  organization,  differences  founded  upon  the  geogra- 
phical situation  of  places. 
Zoophytes.      Zoophytes  are  so  imperfectly  known,  and  so  difficult  to 
class,  that  we  cannot  say  whether  each  maritime  region  pos- 
sesses any  spbcies  peculiar  to  itself.    Coral^  externally  an 
animal  and  internally  a  rock,  madrepores,  and  raill^ores, 
which,  on  the  contrary,  have  a  stony  covering,  seem  to  ex- 
ist only  in  the  regions  adjoining  to  tiie  tropics,  in  the  seas 
Seat  of  CO-  warmed  by  the  rays  of  a  vertical  sun.    There  are  three  or 
'^'*  four  great  seas  of  coral  upon  the  globe:  firsts  that  part  of 

*  Compare  Curier,  Tableau  El^mentaire  dea  Animauzi  p.  S63. 
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the  great  ocean  where  flat  islands  appear,  such  as  those  book 
called  the  Friendly  Islands,  New  Caledonia,  the  Solomon  ^^'* 
Isles,  or  Isles  of  Danger,  and  in  general  those  tracts  of  sea  ~-~-*~*" 
lying  between  the  different  parts  of  the  Oceanic  division  of 
the  worM.  It  is  there  that  the  mariner  is  in  continual  dan- 
ger of  striking  against  some  rock  of  coral,  shooting  perpen- 
dicularly up  from  an  immense  depth.  The  second  region 
extends  from  the  coast  of  Malabar  to  that  of  Madagascar 
and  Zanguebar.  Our  Mediterranean  forms  the  third  re- 
gion ;  but  the  valuable  coral  which  it  furnishes,  and  which 
is  in  great  request  from  Africa  to  Japan,  essentially  differs 
from  the  coarse  substances  of  which  the  islands  in  the  south- 
em  sea  are  composed.  The  Gulfs  of  Arabia  and  of  Persia, 
if  we  credit  the  ancients,  are  peopled  with  subterraneous 
forests  of  Zoophytes.*  The  sea  of  the  Antilles,  and  the 
Gulf  of  Mexico,  ought  to  contain  a  great  many  madrepores. 
But  who  is  sufficiently  acquainted  with  the  different  hotothu- 
ratf  MtarsUmes,  medmaef  and  other  fugitive  embryos  of  aqua- 
tic beings,  to  assign  to  them  their  native  region  ?  The  in- 
defatigable voyagers,  Feron  and  Lesueur^  who  so  carefully 
observed  the  changeable  and  delicate  forms  of  the  zoophytes,! 
found  the  abode  of  the  species  pyrosoma  confined  to  one 
particular  region  of  the  Atlantic  Ocean ;  and  they  imagine 
that  each  description  of  zoophyte  has  its  place  of  residence 
determined  by  the  temperature  necessary  to  support  its  ex- 
istence. 

The  ocean  also  contains  monsters,  which  it  is  dangerous  poiypi^. 
to  observe  too  near.  When  shall  we  come  to  distinguish 
the  different  kinds  of  polypi  or  hydras,  with  exactness  suffi- 
cient to  determine  the  boundaries  of  the  tracts  which  they 
respectively  occupy  at  the  bottom  of  the  ocean?  We 
think  it  probable  that  the  size  of  the  polypi  varies  with 
the  depth  of  the  seas  where  they  live.  If  we  certainly 
know  that  the  Straits  of  Messina,  and  the  English  Chan^ 
nel,  contain  some  which  have  arms  ten  feet  long/  why 

*  PUn.  HUt.  Nat.  ziii.  35. 

^  Voyagog  auz  Terras  Australas,  i.  492.  et  TAtlas,  pi.  xxix.— izxi. 
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BOOK    flhoold  we  treat  as  fidiuloos  those  Tory  dremiiBtaiitial  ac- 
^^^    counts^  both  of  the  ancients*  and  the  modenspf  which  epeak 

of  polypi  taken  in  the  Meditemneant  in  the  Atlanlk^ 

in  the  Indian  seasy  whose  armsy  when  aocoratelj  ] 
were  found  to  be  from  SO  to  40  feet  in  lengtti !  Wedd  it 
not  be  consistent  with  the  rules  of  sound  criticisiBf  to  sus- 
pend our  judgment  respecting  the  monstrous  kr^hmu^^  of 
Norway»  said  to  be  a  half  a  league  in  length,  tiie  eziatenoe 
of  which  seyeral  respectable^  naturalists  have  conociTed  t» 
be  established  by  recent  observations  ? 

Zoophytes  exhibit  the  first  actings  of  oreatiTe  power; 
they  may  be  considered  as  confused  masses  of  beings,  ant- 
mated  with  an  incipient  principle  of  life,  but  not  yet  existing 
MoiiuicM  separately.  The  mMu$eaep  whether  naked  or  testaoeous, 
sheilf.  j^^^^  acquired  a  real  individual  existence.  Accordingly  their 
different  species  belong  to  different  countriea:  -the  shells  of 
Timor  are  met  with  upon  the  coasts  of  New  HoUai^  only 
as  far  as  to  the  south-west  point;  and  the  shells  of  Van  Die- 
man's  land^  such  as  the  HaUaH$  gigantea  and  tiie  PhoM' 
neUu$f  diminish  in  size  as  they  follow  the  coasts  of  New 
Holland,  to  king  George's  Struts,  and  entirely  disappear 
beyond  them.||  The  pinna  marina,  whose  glossy  filaments 
outshine  silk,  thrives  only  in  the  Indian  seas,  and  in  the 
Mediterranean.  The  pearl  oyster  attains  perfection  no 
where  except  in  the  equatoreal  seas.  But  the  nataral  ar- 
rangement is  often  subverted ;  the  sliips  to  wliich  the  sheDB 
adhere,  transport  them  from  the  one  pole  to  the  other.  It 
is  in  this  way  that  the  waters  of  Holland  have  been  peopled 
by  that  teredo  navalis  which  is  so  destructive  to  veB8eIs.f 
The  calcareous  'Secretion  of  the  Zoophytes  is  rock  or 
stone  the  very  moment  that  the  animal  dies.    The  cakar^* 

*  PliD,  is.  90.  Aelian  Hist.  Nat.  ziii.  6. 

t  Aldrovmnd,  de  Molluscis,  Part  vii.  c.  3.  Johnston,  de  Exanguib.  Aquatib. 
i.  tit.  8.  c.  1.  Swadiaur,  Joaroal  de  Fhyiiqiiey  1784,  vol.  fi.  p.  284^  tyq, 

t  Sea  tba  artiele  Norway,  in  this  work. 

4  Bofc.  Hist.  Nat,  des  Vert,  u  p.  S8,  Montfort,  Histoice  dcs  MoUttf^ae%  tit 
Tl,  153,  218.    P0nnan^  British  Zoology,  W^  tab.  28.  fig.  44. 

I  P6ron  et  Lesueur,  Annales  du  Muetum  d*l|iftoife  Naturalle,  zr, 

T  Sellii,  Nat.  Hist,  teredin  Utrecht,  1733. 
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ooa  saeretioii  of  testaceous  molluscsB  or  shellsy  fonns  rock    book 
only  when  decomposing.    The  structure  of  corals  and  ma-     '^* 
dr^ores  is  grained^  that  of  shells  is  lamellated  or  stratified.  """"""^ 
Tliese  awimals,  from  their  being  destitute  of  sensibility,  seem 
closely  allied  to  the  mineral  kingdom. 

We  now  advance  to  another  order,  which  may  be  viewed 
as  belonging  to  the  vegetable  kingdom, — ^the  order  of  insects, 
in  whidi  wwms  occupy  the  bottom  of  the  scale.    Insects  Geographi 
wbicby  as  they  pass  tiirough  the  states  of  larva  and  chrysa-  button  •( 
lis,  remind  us  of  the  successive  development  of  roots,  stalks,  &»*««*"• 
and  flowers ;  insects,  which  may  be  termed  winged  and  ani- 
mated flowers,  indicate  already,  in  tlieir  complicated  orga- 
nizatioDy  some  obscure  traces  of  sensibUity,  although  irrita- 
bility still  predominates.    It  is  in  the  midst  of  the  most  exu- 
berant vegetation — ^it  is  in  the  torrid  zone*-that  the  strong- 
est and  the  most  splendid  insects  are  to  be  seen  j  such  as  the 
butterflies  of  Africa,  of  the  East  Indies,  and  of  America, 
\vhose  brilliant  colours  rival  the  lustre  of  metals.    There 
also,    and  particularly    in  South  America,  the  forests, 
peopled  by  millions  of  glow-worms,  present  to  the  eye  of 
the  benighted  traveller  the  scene  of  an  immense  conflagra- 
tion.   The  termes  of  Africa,  named  also  the  White  Anl^ 
builds  solid  hillocks;  and  the  spider  of  Guyana  attacks 
even  birds  with  success.    The  liiitiiitts  gigas,  the  largest 
of  all  aquatic  insects,*  is  also  an  inhabitant  of  the  equator, 
as  its  vulgar  name,  ihe  Crab  of  the  MAueoas,  indicates. 
Certain  kinds,  such  as  gnats,  bees,  and  flies,  appear  to  be 
equally  distributed  over  the  whole  of  the  globe.    The  short 
polar  summer  hatches  a  multitude  as  innumerable  as  the 
beats  of  the  torrid  zone :  the  musquito,  wMch  torments  the 
travellw  on  the  banks  of  the  Oronooko,  resembles  that 
^bicb  buzzes  in  Lapland.    Wherever  man  has  not  drained  ^^"^J^J* 
the  marshes,  and  cleared  the  forests,  insects  reign  with  re^  oninhabiu 
sistless  sway.    History  has  recorded  several  ezamplea  of^cts!^^* 
towns  and  countries  rendered  uninhabitable  by  the  multi- 
tade  of  bees,  wasps,  or  gnats.t    Armies  and  whole  tribes 

*  CuTier,  Tableau  El^mentaire,  453. 

t  Herod.  ▼.  10.  Plin.  Tiii.  29-58.    JElian,  xvii.  35,  Pausan,  in  Achaici*. 
Compare,  Bochart,  Hierozoicon,  1.  iv.  c.  13.  vol.  ii«  p.  539,  iqq. 
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have  been  compelled  to  fly  before  these  feeble  inflectay  Fen- 
Toa.  dered  invincible  from  their  numbers. 
-"■""^  The  secretions  of  insects  do  not  resemble  sobstances  of  the 
mineral  kingdom,  like  those  of  the  zoophytes  and  moUnacaB; 
tliey  have  the  character  of  vegetable  juices.  But  tbeae  se- 
cretions,  as  well  as  those  of  the  polypus  coral,  appear  to  be 
the  eflbct  of  blind  instinct,  rather  than  of  sensations  stmilar 
to  those  of  the  more  perfect  animals.  The  admirable  indus- 
try of  the  bee  is  not  to  be  ascribed  to  the  acting  <tf  a  free  and 
separate  will. 

The  orders  of  zoophytes,  molluscie,  and  insects  advanciiig 
gradually  in  perfection,  comprehend  animals  roiih  whUe 
hloodf  and  no  vcrtebraef  and  which,  having  few  or  no  organs 
of  sensibility,  appear  to  constitute  in  the  animal  kingdom  a 
aorf  of  hemisphere  diametrically  opposite  to  that  of  anirtals 
with  vert^ae  and  red  blsod. 

This  second  series  of  the  animal  kingdom  coromencesylike 
the  first,  in  the  bosom  of  the  ocean,  that  cradle  of  all  primi- 
tive organizations. 
FiihM.  Fishes,  although  occupying  the  lowest  degpree  of  the  scaler 

are  completely  distinguished  from  inorganic  nature :  they 
display  the  commencement  of  an  internal  ossification^  mixed 
indeed  with  some  traces  of  those  external  secretions,  those 
solid  coverings,  which  belong  to  animals  destitute  of  verte- 
bre.  Fishes,  having  neither  the  blind  instinct  of  insects, 
aor  a  high  degree  of  the  voluntary  instinct  of  the  mammife- 
rous  tribes,  appear  inferior  even  to  s^eral  white  blooded 
animals,  although  they  form  part  of  an  order  superior  to  tiiat 
to  which  these  animals  belong.  The  animal  kingdom  does 
not  present  to  our  view  one  unbroken  progressive  series  bat 
two  great  series,  each  composed  of  several  progressive  or- 
ders :  so  that  the  gradations  in  improvement  of  organizatioB 
are  not  continued  from  genus  to  genus  regularly  through  the 
^  scale,  but  only  from  the  whole  of  one  order  to  the  whole  of 
mother. 

The  want  of  activity  which  we  have  just  remarked  in 

fishes,  renders  it  probable  that  every  basin  of  the  ocean  has 

'  its  particular  tribes,  which  are  bom  and  die  there:  we 
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know  ^e  stations  of  some  species  of  fishes.    Thns  the  cod    book 
which  are  distributed  over  all  the  northern  seas,  between    ^^^M. 
Europe   and  America,  congregate  chiefly   upon  the  great  — - 
banks  of   sand  to  the  south-east  of  Newfoundland.    Par-  giuTation 
sued  by   twenty  thousand  fishermen,  the  cod  propagates  ^{^ 
with  astonishing  fecundity;  it   has  been  calculated  that 
each  female  carries  in  its  oyary  more  than  nine  millions  of 
eggs.* 

The  coryphense  and  the  chatiedons  are  met  with  only  in 
the  torrid  zone.  There  are  various  species  of  these  kinds, 
wUichf  on  account  of  their  brilliant  colours,  have  re- 
ceived the  name  of  giltheads.  These  are  the  most  active 
enemies  of  the  flying  fish,  which,  like  them,  are  found 
only  between  the  tropics,  or,  at  farthest,  towards  the  40th 
parallel  of  latitude.  These  species  are  observed  both 
in  the  eastern  ocean,  and  in  the  Atlantic;  but  probably  o\ 
different  species.  We  should  imagine  that  the  electric  fishes 
are  confined  to  the  torrid  zone ;  the  electric  gymnotus,  in- 
deed, belongs  exclusively  to  America;  and  the  ''trem- 
bler," or  the  sUurus  eUctricuSf  to  the  rivers  of  Africa;  bat 
the  torpedOf  or  cramp  fish,  is  dispersed  over  all  the  seas. 
Oor  knowledge  of  the  productions  and  the  temperature  of 
the  ocean,  must,  from  its  vast  extent,  and  its  nnfathomed 
depth,  be  extremely  imperfect.  On  many  coasts  no  fishmes 
exist,  and  from  those  which  have  been  established,  on  others, 
little  accurate  information  can  be  gained.  No  analysis,  even 
of  the  magnificent  works  of  Lacepede,  would  enable  us  to 
unfold  a  correct  general  view  of  the  subject;  and  the  de- 
scription of  each  particular  sea  is  reserved  for  other  vo- 
lumes of  this  work. 

The  migration  of  fishes  is  occasioned  by  their  being  im-Mi|rati<m 
polled  to  seek  for  shallow  water,  in  order  to  deposit  their  ^ 
spawn.    Thus  the  herrings,  coming  from  the  bottom  of 
tile  frozen  sea,  proceed  every  year  to  the  coasts  of  Ireland,       « 
Scotland^  Norway,  Sweden,  Denmark,  Holland,  and  tho 

*  Cavier,  Tableau,  El^nentaire,  p.  337. 
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BOOK   United  Stetos,*  as  well  as  to  those  of  Kamstdisliui,  and 
^^*    the  neighboaring  islands*!    It  seems  to  be  proved  fliat  im- 
'  mense  shoals  of  these  fishes  mechanically  follow  the  direction 

of  the  chains  of  submarine  banks  and  rocks  which  Hmey 
meet  with  in  their  progress.  The  variations,  both  real  and 
pretended,  which  these  migrations  experience,  seem  tlH»«- 
fore  to  depend  upon  local  causes,  which  we  shall  point  out 
in  another  place.  TunnU$  migrate  regularly  every  year 
from  the  Atlantic  ocean  to  the  Mediterranean;  a  fact  be- 
fore observed  by  the  ancients.^  Besides  these  annual  mi- 
grations^ which,  to  a  certain  extent,  are  completely  ascer- 
tained, the  currento  of  the  ocean  must  occasion  others 
which  we  have  not  the  means  of  observing.  Fishes  in  ge- 
neral appear  to  suffer  severely  from  a  sudden  change  of 
temperatiire,$  which  leads  us  to  infer  that  the  species  whidi 
live  near  the  surface  of  the  sea  must  be  confined  each  with- 
in a  particular  region.  On  the  other  hand,  the  observa- 
tions of  Biot  and  Laroche,  by  demonstrating  the  admirable 
property  of  the  organs  of  respiration  in  fishes,  by  which 
they  can  inhale  the  more  oxygen  the  lower  they  descend, 
seem  to  remove  all  limite  to  flie  migrations  of  species  which 
live  in  the  lower  parts  of  the  sea.|| 
Frath  wa-  The  fishes  of  lakes  and  rivers  are  still  less  susceptible  nl 
ter  fitbef .  ^  geographical  classification.  The  kinds  qfpnmu  and  per- 
cop  of  which  carp  and  perch  are  the  representatiTe^ 
people  almost  all  the  rivers  of  the  temperate  zones.  Tlie 
sturgeon  is  found  in  the  smaller  inland  seas»  such  as  tiie 
Baltic,  the  Caspian,  the  Black  sea.  The  large  species,^ 
conmion  in  the  Wolga  and  the  Danube,  are  in  their  tnrs 
surpassed  in  size  by  the  sUwrug  glaniif  the  giant  of  river 
fishes.    The  voracious  pike,  and  some  other  species,  often 

*  Gilpin  upon  the  Migration  of  Herrings,  in  the  Transactions  of  the  Ameri- 
can Society  at  Philadelphia,  li.  Ttt6. 
t  Krachenoinikow,  Descript.  de  Kamstcbatka, 
%  Opplan,  Halieutic,  III.  ▼•  633,  J97. 

4  ProTen^al  et  Humboldt,  Mfmoires  de  )a  &oc\M  d'Arcueil,  ii.  398. 
II  Biot,  ibid.  p.  487. 
f  Acipenser  Huso, 
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inhabit  sabterraneous  seas,  which  commnnicate  wiih  the    book 
atmosphere  only  by  small  openings.    A  circumstance  more    ^^« 
worthy  of  occupying  a  place  in  a  general  description,  is  the  " 

presence  of  some  sea  fishes,  such  as  the  cabeliauf  a  species 
of  cod  fiaht  in  Lake  Winnipeg,  in  the  interior  of  Norfli 
America.* 

There  are  some  fishes  which  occasionally  forsake  their  ^^  >Btui« 
native  elements :  eels  traverse  the  meadows ;  and  upon  the  itioof •  ^ 
coast  of  Coromandel,  a  kind  ot  perch,  Perca  scandens, 
climbs  up  the  palm  trees-f  Sonnerat  observed  fishes  which 
Uve  in  warm  springs  of  a  very  elevated  temperature.  Na« 
toral  lustxny  will  pardon  os  for  not  distinguishing  firon 
iishes  those  equivocal  beings  which,  with  the  warm  blood 
of  mammiferous  tribe,  possess  a  combination  of  those  forms 
which  are  equally  characteristic  of  the  fish  and  the  quad-' 
raped. 

The  whale,  the  narval,  or  sea  unicorn,  the  eachalatf  or  ^^^^^ 
spermaceti  whale,  the  dolphiOf  the  sea-horse,  the  phooOf  or*° 
sea-calf,  inhabitants  both  of  the  land  and  the  water,  fonUf 
in  the  progressive  improvement  of  their  organization,  1)ie 
link  which  connects  two  difierent  orders.  "Whales  are  in 
▼ery  few  respects  distinguished  from  fishes,  and  Aere  are 
phoc»  that  have  been  mistaken  for  otters.  The  more  com- 
plete the  ossification^  and  the  more  the  organs  are  detached, 
the  greater  is  the  sensibility.  Phocie  and  lamentins  mani- 
fest some  traces  of  social  affection. 

As  both  the  cetaceous  and  the  mammiferous  amphibious 
kinds  of  fishes  require  frequently  to  breaAe  atmospheric  air, 
it  is  highly  probable  that  they  are  confined  to  certain  cli- 
inates.    The  phocie  of  the  South  Seas  are  of  different  kinds  Geocraphi- 
bom  those  which  inhabit  the  waters  of  the  north.^:    The  ^^\i°|,'^f 
sea-lion  met  with  in  the  neighbourhood  of  Kamtchatka  ceucMu* 
differs  essentially  from  that  which  swims  in  the  Green* 

*  GoldfOD)  Remarques  tur  le  Voyage  de  Fuentei  dans  Spraogely  Choiz  det 
^^JHfih  ^*  iv- 16.  (In  German.) 
t  Daldori^  Transact,  of  the  Linnsan  Society,  iii.  62. 
t  Peron,  Annals  du  Museum,  xt.  300. 
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land  Seas.*  llie  pbocie  yituline,  i^vhich  are  allegod  to  exist 
3^^  in  the  Caspian  Sea,  in  the  lakes  of  Aral,  Baikal,  and 
Ladoga,  appear  to  be  a  species  allied  to  the  otter,  and  dif- 
ferent from  the  marine  phocs.  And  thus  are  we  relieved 
fhMB  the  necessity  of  admitting  those  ^jsical  revolvtMnB 
by  which  it  is  asserted  that  they  were  brought  into  those 
inland  waters,  as  if  nature  could  not  produce  phoc»  every 
where.  The  great  whale  of  the  Northern  Seas,  thon^  it 
formerly  entered  the  Mediterranean,t  has  scarcdy  beea 
able  to  approach  the  equator :  the  whales  of  the  Soothem 
Ocean  are  probably  of  a  different  race.  The  large-headed 
cachalot,  which  inhabits  the  equatoreal  regions,  particnlariy 
the  Indian  Ocean,  and  from  which  we  procure  tiie  amber- 
grise,  dillbrs  materially  from  the  great  cachalot  of  the  frozen 


^j^2^*  Amongst  terrestrial  animals,  reptiles  occupy  the  lowest 
mni  ^^  rank.  Their  organs  are  indistinct  and  imperfectly  deve- 
loped, and  some  organs  they  want  entirely ;  a  tiiick  diieid 
or  a  scaly  skin  envelopes  their  body ;  their  bones  are  soft; 
the  vital  forces  distributed  through  all  their  members,  has 
no  centre  of  energy ;  finally,  the  animal,  when  cot  into 
pieces,  is  immediately  reproduced.  All  these  characteris- 
tic marks  indicate  a  first  attempt  of  nature,  an  imperfect 
disengagement  from  inert  matter.  Reptiles,  accordii^ly, 
appear  to  increase  and  multiply  in  mud,  warmed  by  the 
vertical  rays  of  the  sun :  The  crocodile  of  Africa,  the  Ga* 
vial  of  the  Ganges,  and  the  different  caymans  of  Ameri- 
ca, are  the  giants  of  the  lizard  kind.  It  is  in  the  warm- 
est regions  of  America,  and  the  oceanic  countries,  fliat  the 
serpents  roll  themselves  up  in  immense  coils,  or  conceal  a 
deadly  poison  under  their  fangs.  The  tortoises,  which 
feed  upon  the  sea-weed  at  the  bottom  of  the  ocean,  cover 
the  sands  only  of  equatoreal  countries  with  their  numerous 
eggs. 

*  SuUcr,  Nor.  Comm.  Petrop.  ii.  360,  366.    Otto  Fabricius,  Fauna  Groca- 
landica,  p.  7. 

t  Plin.  ix,  a. 
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Xd   creatiog  birds,  nature   has  reprodaced   thfli  order 
of    insects,  bat  with  more  simplicity  of  stnicture,  and     ^^^ 
gretdnr  power  and  liberty  of  locomotion.    Their  bones,  r — ^^ 
BMire  hard  and  more  numerous  than  those  of  fishes  and  geog'aphi- 
rcfitiles,  mark  a  more  perfect  organization.     The  wings  ^Jjj?^"**^ 
^with  which  they  are  provided  seem  to  assign  to  them  the 
^wliole  atmosphere  as  their  domain;  but  the  plumage  in 
^vrbich  they  are  clad,  and  which,  like  vegetation  itself,  va- 
ries according  to  climate  and  temperature,  proves  to  uSf 
that  these  animals,  apparently  so  free,  are  still  subject  to 
certain  geographical  laws.    Even  those  whose  robust  con- 
stitation  would  allow  them  to  disperse  themselves  far  and 
wide,  seem  to  be  attached,  both  by  taste  and  affection^ 
to  the  districts  where  they  were  born.    Thus,  the  con- 
dor, and  the  king  of  vultures,  which  soars  above  the  sum- 
mit of    Chimborazo  itself,  never    forsakes  the  chain  of 
the  Cordilleras  of  Peru  and  of  Mexico :  the  vulture,  and 
the  great  eagle,  never  remove  from  the  ridges  of  the  Alps. 
The  sea  eagle,  or  ospray,  is  perhaps  distributed  over  the 
whole  of  the  globe.    In  the  natural  order  of  Passeres,  tra- 
vellers!! often  err,  by  confounding  the  foreign  species  with 
those  of  Europe— thus,  the  Calaos  of  Africa  and  India 
differ  from  our  ravens,  and  the  Manakins  of  America  are 
not  our  tom-tits,  though  possessing  some  traits  of  resem- 
blance.   The  torrid  zone,  also,  exclusively  contains  the  Birds  of 
various  species  of  Parroquets  common   in  America, — of 
Cockai€os9  found  only  in  the  East  Indies, — of  LorUf  most 
beautiful  in  the  islands  to  tlie  south-west  of  Asia,^-and  of 
AraSf  which  last  are  all  from  America.    The  celebrated 
Bird  of  Paradise  is  never  met  with  beyond  the  limits  of  a 
very  narrow  region  of  the  torrid  zone,  that  is.  New  Gui- 
nea, and  the  neighbouring  islands.     Of  the  birds  which 
cannot  fly,  every  equatoreal  region,  insulated  by  the  seat 
has  produced  its  particular  kinds :    The  Ostrich  of  Africa 
and  Arabia,  the  cassiowary  of  Java,  of  the  neighbouring 
islands,  and  of  New  Holland,  and  the  Touyou  or  Ostrich 
of  Brazil,  exhibit,  in  very  distinct  species,  the  same  general 
features  of  organization.    The  smaller  birds  in  the  tropical 


the  torrid 
zone. 
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BOOK    coQiitries  aro  adorned  with  the  most  splendid  colourst  flieir 
XXI.     plQmage  vies  with  the  metallic  brilliancy  of  the  inseds  in 

—""^■^  the  same  zone. 

Birds  of        The  temperate  zone  of  birds  reaches  in  our  henusphere 

»i»1"m."  ^^  *®  ^^*  ^®  ***®  ^^^  paralleL  Within  these  bounda- 
ries the  various  kinds,  and  even  some  species,  are  no  longer 
confined  to  regions  distinctly  marked,  and  have  no  particu- 
lar fixed  countries.  Besides,  man  has  either  transplanted, 
or  drawn  in  his  train  with  him,  as  he  wandered,  several 
species  previously  to  be  found  in  one  particular  country. 

Annual     The  most  remarkable  geographical  phenomenon  is  the  an- 

""'^  ^°'*  nual  migration  of  swallows,  of  storks  and  cranesy  which, 
at  the  approach  of  winter,  abandon  the  northern  countries 
of  Europe  to  visit  Italy  and  Spain,  and  even  Africa.  Some 
species  of  swallows  plunge  themselves  into  lakes  and  marsh- 
es, where  they  remain  in  a  dormant  state  during  the  win- 
ter.* 

The  frozen  zone  has  few  species  peculiarly  belong^g  to 
it ;  amongst  these  is,  the  Jhias  moUisrima,  whose  nests  fur- 
nish the  eider  down.    But  we  should  consider  this  aquatic 

Birds  of     bird  rather  as  frequenting  the  shores  of  the  frozen  seas. 

tiMfiroien  pjh^  Strix  lapponumSp  and  flie  Teirao  lagopus,  Uve  upon 


mountains  covered  with  perpetual  snow. 
Each  grand  maritime  division  of  the  globe  has  its  pecQ- 
Sea  birds,  liar  birds.    The  Mbatros  flits  along  upon  the  waves  as  soon 
as  we  approach  the  40th  parallel  of  latitude.    The  sea  swal- 
lows, and  the  tropical  birds,  never  forsake  the  torrid  zone  j 
tiieir  species  probably  differ  from  the  one  ocean  to  the  other. 
The  Penguin  of  flie  Northern  Pole  differs  from  the  Mm- 
dwt  of  the  South  Seas.    These  birds  without  wings,  may  be 
considered  as  the  last  and  lowest  of  the  order  to  which  they 
belong. 
Qnadru-        We  now  come  to  an  order  of  animals  much  more  perfect- 
ly^       ly  organized  than  any  of  those  which  we  have  hitherto  con- 

*  Compare  Gaenao,  in  Bnffoa  Hittoiro  dee  <Mseauz,  vol.  ZTii.  p.  857.  Daioci 
Barrtngton,  MUcellaniev,  p.  225.  Mem.  of  the  American  Academy  of  Bos- 
ton, i,  p.  494 ;  ii.  p.  93,  tqq. 
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sUered.    It  is  patttcvluiy  iaterosting  to  observe  the  geo-    rook 
graphical  distributiAii  of  the  yarious  kinds  of  quadrupeds     ^i^^* 
ia  tktb  diffiuvnt  zones^  aad  on  the  two  continents.    This  in-  *^— — * 
qafary  has  already  thrown  great  light  upon  the  history  of 
the  earthy  and  is  connected  also  with  the  history  of  man**  . 

In  the  mtgratioi^of  aoimalsy  we  have  not  so  much  to  at-  Tb«riii»4 
tend  to  their  aOive  power,  or  the  energy  of  their  organs,  as  r»«»on»« 
to  what  nuty  be  termed  their  pasrive  power,  or  their  capaci- 
ty of  re«stuig  changes  of  temperature.  Frequently,  out 
of  a  whole  geniis,  one  species  only  is  endowed  with  this  ca- 
pacity. Another  species  of  animals  again  owes  its  exten- 
sive distribution  solely  to  the  care  of  man,  who  knew  how 
to  master  iU  and  who  carried  it  along  with  him  to  the  very 
extrenuties  of  the  globe.  The  external  <H*gans  of  animals 
uttd«rgo  great  dtangesi,  merely  in  consequence  of  their  do- 
mesticaiioii— 4ifieren€e  of  climate  produces  others  not  kss 
remarkable.  As  to  the  wiM  animals,  they  are  directed  in 
tiieir  migration,  by  the  abundance  or  the  scarcity  of  food. 
The  camxvorous  ones  find  almost  every  where  itheir  natural 
food,  and  when  it  fails  them,  they  have  recourse  to  vegetarr 
bles;  tor  this  reason  they  must  have  spread  themselves  to  & 
great  extent  Those  which  cannot  support  great  cold,  have 
been  unable  to  cross  from  the  old  to  the  new  continent,  be- 
caase  the  only  direqt  mode  of  communication  between  these 
tvo  oonlinents,  is  ttiat  famished  by  the  arctic  ice.  There 
are  many  different  spedes  of  animals,  whose  residence  his- 
tory proves  to  have  anciently  been  in  much  colder  climates 
tbm  those  which  they  now  inhabit:  Sometimes  the  continu-  . 
al  mroads  of  man  have  either  destroyed  th^n  or  drirea 
tbem  away:  Bomctimes  the  progress  of  agriculture,  by. 
clearing  the  fioreste,  has  bereft  them  at  once  of  their  range 
br  food,  and  thrir  place  of  shelter. 

Several  quadrupeds,  by  their  almost  general  distribution,  Aoimais 
hsffie  every  attempt  at  geogr^kical  classification.    ^^^^^f^l^^^So^er 
quadrupeds  are  either  in  a  state  of  domestication,  such  as  the  globe. 
the  dog,  the  cow,  the  sheep,  the  goat,  the  horse,  the  ass,  the 

*  Zimroerman,  Geographical  Zoology,  3  vol.  in  8vo.  1768,  in  Geiman. 
VOL.  I.  33 
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BOOK   pig,  and  the  cat;  or  in  a  wild  state,  as  the  fox,  the  bear, 

^^^*     the  bai-e,  the  rabbit,  the  stag,  the  deer,  the  squirrel,  the 

.  rat,  the  mouse,  and  the  ermine.    Amongst  these  animals, 

however,  there  are  some  which  do  not  live  in  the  frozfia 

zone. 

7h«  drg.  The  Dogf  the  faithful  companion  of  man/  has  followed 
him  into  every  climate;  in  many  countries  he  is  the  only 
dbmostic  animal,  and  supplies  the  place  of  the  horse  and  the 
ox.  Towards  the  equator,  as  well  as  towards  the  pole,  he 
loses  his  voice ;  his  barking  degenerates  into  a  growling 
noise.  This  species  is  distributed  as  £Ekr  as  New  Hoi* 
land.^ 

T\n  ox<  The  Ox  lives  as  far  as  the  64th  degree,  suid  in  Laphnd 
even  under  the  rist.  This  animal  appears  to  be  a  native  of 
the  warmest  part  of  the  temperate  zone  of  the  old  conti* 
nent;  it  is  there  that  he  attains  the  g^reatest  degree  of 
strength  and  courage.  But  in  the  more  humid  and  cold  cli- 
mates, as  Gallicia,  Holstein,  and  Iceland,  the  ox  grows  mach 
larger,  and  the  cows  give  more  milki.  In  Iceland,  it  is  in 
the  valleys  lying  to  the  north,  and  under  the  65th  degree  of 
latitude,  that  the  cattle  thrive  best  The  cows  there  have 
no  horns,  but  yield  abundance  of  milk.  The  ancient  Ice- 
landic colony  in  Greenland,  exported  butter,  salt  bee^  and 
hides.!  I'he  benevolence  of  Providence,  by  rendering  this 
most  useful  species  capable  of  supporting  almost  every  cli- 
mate, lias  thus  enabled  it  to  follow  man  to  the  remotest 
boundaries  of  animated  nature.  ' 

The  sheep.  The  8heep  and  the  Goat  equally  support  the  polar  odd 
and  the  heat  of  the  torrid  zone.  '  Goats  are  very  numeioas 
in  Norway  and  in  Iceland.  The  original  race  of  sheep^  the 
JirgaUf  or  the  Mawfian,  still  exist,  if  we  may  credit  Zimmer- 
man, in  all  the  great  moiuitains  of  the  two  continents.  The 
Capricorn,  and  the  Aea;,  op  Wild  Qoatf  which  are  the.  ances- 
tors of  the  common  goat,  inhabit  the  high^  summits  of  the 
two  continents. 

*  Collins'  Account,  &c.  p.  567. 

t  Speculum  regale,  188,  191,  200.    See  the  account  of  ancient  Greenland  lo 
^nr  first  volume. 
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The  BorsCf  which  did  not  exist  in  the  new  continent  be-    book 
fore  the  arrival  of  Europeans,  is  spread  in  Earope,  and  in     ^"^^ 
Iceland,  as  far  as  beyond  the  polar  circle.    In  Asia  the      ' 
horse  is  scarcely  found  beyond  the  64th  parallel ;  in  America        ^'^ 
tiie  race  has  spread  to  the  country  of  Patagonia,  the  climate 
of  which,  under  the  50th  degree  of  south  latitude,  answers 
tothe  climates  of  the  northern  hemisphere  lying  under  the 
60th  parallel. 

It  apiiears  to  us,  that  there  were  in  the  old  continent  at 
kast  three  original  races  of  Iiorses.     The  first,  and  theTfarea 
best  proportioned,  was  originally  spread  between  the  40th '^ontu^ 
and  55th  parallels,  and  probably  came  from  Great  Bu- 
charia,  from  Persia,  or  even  from  Asia  Minor.^    The  Persian 
Tartar  steeds,  and  those  of  Poland  and  Hungary,  seem  to  '*^*' 
have  preserved  the  original  form  of  the  breed.    In  countries 
that  are   moderately  damp  and  cold,  and  where  there  is 
rich  pasturage,  this  race  has  become  larger  and  stronger. 
The  forms  which  are  best  developed  have  acquired  that 
symmetry,   and  that  noble  warlike  gait  which  mark  the 
Danish,  Norman,  and  English  horses.     These,  however, 
have  been  mixed  with  the  Arabian  race.    The  third  variety 
of  the  first  race  is  a  degenerate  breed,  produced  by  the 
deteriorating  influence  of  a  climate  excessively  damp;  we 
may  even  ti-ace  the  different  degrees  of  this  degeneracy. 
The  horses  of  the  country  of  Bi-emen  have  their  feet  worse 
made  than  those  of  Holstein  and  Jutland.    As  we  proceed 
to  East  Friesland,  their  shape  grows  more   and  more 
clumsy. 

The  second  race  is  small,  and  sometimes  almost  dwai-fish;  MongoHtu 
its  characteristics  are  a  compact  square  form,  endowed  with  itifn  wee 
great  strength,  and  surprising  agility.  It  appears  to  de- 
rive its  origin  from  tbe  northern  upland  plains  of  Asia,  from 
tte  steppes  of  Rirguises,  although  Pallas  looks  upon  the 
^Id  horses  of  these  countries  as  having  come  from  the 
Studs*!    This  race,  according  to  some  accounts,  appears  to 

*  See  the  paseages  collected  tcg6ther  by  Bocbart.    Hierozoicon,  b.  ii.  cb.  9. 
+  Pallif,  Voyages,  I.  p.  376,  In  Bvo* 
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BOOK    be  spi*ead  in  the  north  of  India,*"  in  China,  and  in  the 
^^i*    islands  of  Japan.    It  is  more  certain  that  the  breed  is  com- 
'''''^-      mon  in  Russia  and  in  Scandinavia.    The  Norwegiaiis  in- 
trodaced   it  into  Iceland  and  Scotland.    It  exists  in  the 
Danish  island  of  Zeeland. 
Arab,  or        The  third  race  of  horses  is  possessed  of  the  most  showy 
^ce^*^     properties,  being  extremely  swifts  supple,  vigorous,  and 
mettlesome.    We  mean  tlie  Arab  racBf  which  undoubtedly 
has  a  common  origin  with  that  of  Barbary,  if  it  has  not 
given  biKh  to  it.    The  Andalusian  horses  are  its  lineal  de- 
scendants.   The  English  say  that  their  race  horses  are 
directly  sprung  from  crossing  the  Arab  with  the  Barb- 
History  proves,  that  the  Romans,  tlie  Saxons,  the  Danes, 
and  the  Normans,  by  introducing  into  Britain  the  various 
races  of  their  respective  countries,  laid  the  foundation 
of  the  English  breed.    Private  persons  afterwards,  fh>m 
time  to  time,  imported  Arabian  and  Barbary  stallions. 
The  ass.        The  A8S9  though  far  from  being  reckoned  a  very  delicate 
animal,  does  not  support  cold  so  well  as  the  horse.    In  Eu- 
rope, it  is  rarely  seen  beyond  the  52d  parallel ;  and  we  do 
not  believe  that  it  can  propagate  at  60  degrees  of  latitude. 
The  climates  most  favourable  to  the  ass  are  those  between 
the  20th  and  40th  parallels.    There  he  grows  lai^  and 
handsome,  is  lively  and  docile,  and  is  treated  with  kind- 
ness.!   ^^^  ^ild  ^^  Is  now  found  only  in  Tartary,  where 
it  never  goes  beyond  the  48th  degree  of  latitude. 
The  hog,       The  history  of  the  Hog  throws  great  light  upon  fliat  of 
tlorwiT"  ™*"*    '^^^  f®"^  animal  is  to  be  met  with  throughout  the 
the  history  whole  of  the  aucient  continent,  beginning  at  the  64ih  pa- 
of  man.     ^^„^j  ^f  northern  latitude.    The  wild  boar  is  not  found 
beyond  the  60th  degree.    In  the  New  World  there  were 
none  of  these  animals,  previously  to  its  discovery   by 
Columbus;  they    have   been   brought  into   it,   and  they 
live  there  from  the  50th  northern  parallel  to  Patago- 

*  Pennant,  Outlines  of  the  Globe,  ii.  239. 

t  De  Grandpre,   Voyage  au  Bengale,  ii.  S29.    Niebuhf;   Description  de 

]' A  cable.    Bochart«  Hierozoicon,  lib.  ii.  ch.  1^. 
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nia.  Hie  hog  is  diitribttted  over  almost  all  tfie  islands  amk 
of  the  Great  Ocean,  where  it  is  tiie  chief  domestic  ani-  ^^^* 
mal.  Is  it  not  evident  from  this  single  fact,  that  the  isl- 
ands  of  the  Pacific  Ocean  have  received  their  inhabitants 
from  the  south*east  of  Asia  ?  We  may,  with  equal  justice, 
conclude,  that  bad  there  been  formerly  a  communication  be- 
tween America  and  the  people  of  the  ancient  continent,  this 
must  have  taken  place,  either  at  a  period  when  man  did  not 
reckon  the  hog  in  the  number  of  domestic  animals,  or  under 
latitudes  more  northerly  than  those  in  which  this  animal  can 
exist 

The  Catf  now  disttibuted  over  the  whole  globe,  was  not  The  cat. 
met  with  as  a  native  of  America.  As  this  animal  must 
have  always  accompanied  navigators,  its  original  absence  in 
America  greatly  invalidates  the  pretended  accounts  of  the 
Carthaginians,  and  especially  the  opinion  that  the  Japan- 
ese maintained  frequent  commercial  intercourse  with  the 
north-west  of  America*  The  cat,  however,  existed  upon 
several  islands  of  the  Pacific  Ocean  before  tlie  arrival  of 
Europeans. 

The  species  of  wild  animals  spread  over  all  the  climates 
of  the  two  continents  are  very  few ;  it  is  even  doubtful  whe- 
ther there  are  any,  except  those  which  have  been  introduced 
into  the  new  world  by  man. 

Of  all  wild  animals,  the  Fox  is  perhaps  the  most  extensive-The  fox. 
ly  distributed,  and  most  easily  assimilates  to  every  cliniate« 
Vast  troops  of  foxes  inhabit  Nova  Zembla,  and  the  shords 
of  the  Frozen  Sea;  and  they  are  not  less  numerous  in  Ben- 
gal, in  Egypt,  and  upon  the  coast  of  Guinea.  The  New 
Continent,  says  Zimmerman,  is  filled  with  them,  from  the 
northern  parts  of  Greenland,  under  the  rsth  degree,  as  far 
as  to  Mexico^  and  from  Mexico  along  the  Cordilleras  to  the 
straits  of  Magellan.  But  travellers  have  applied  this  name 
at  random ;  we  have  no  satisfactory  proof  that  there  are  any 
real  foxes  in  South  America. 

Animals  similar  to  the  Harcy  are  found  equally  in  Siberia  The  hare. 
and  on  the  banks  of  the  Senegal,  upon  the  coasts  of  Baf* 
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lia*8  Bay>  and  over  all  tbe  New  Contiimit  But  BaAm  faas 
^^''*  expressed  his  doabts  as  to  flie  identity  of  tlie  American 
hares  with  those  of  the  ancient  continent ;  it  docs  not  at 
least  appear  that  any  real  hares  has  been  seen  in  Sooth 
America.  It  is  said  that  those  of  Greenland  differ  from 
ours  only  with  respect  to  their  skin,  which  remains  always 
white.*  The  hares  of  that  arctic  country  appear,  howeyer, 
to  be  of  the  species  Lepus  varioftitu,  which  is  known  only  in 
Siberia*! 

The  aquir-     The  Squitrclf  according  to  Zimmermann,  inhabits  erery 

^  *  part  of  Europe  and  Asia,  from  the  extremities  of  Siberia  to 

the  kingdom  of  Siam,  and  is  to  be  met  with  in  Africa  and 
the  two  Americas.  But  it  appears  that  in  every  region  of 
the  world  the  species  are  different 

The  rabbit.  The  Bobbitf  being  unable  to  live  in  the  open  air  of  the  cli- 
mate of  Sweden,  could  not  have  emigrated  into  the  New  Con- 
tinent by  the  countries  in  the  neighbourhood  of  the  pole.  All 
the  rabbits  that  are  seen  in  the  New  Continent,  have  been 
brought  thither  by  colonists,  and  have  afterwards  passed 
from  the  domestic  to  the  wild  state. 

The  tug.  The  8tag  appears  to  be  indigenous  to  both  continents. 
It  inhabits  Europe  as  far  as  the  64th  degree,  and  Asia  to 
the  55th,  and  in  some  places  even  to  the  60th  degree.  It 
is  therefore  difficult  to  conceive  how  it  could  have  passed 
into  America,  as  Zimmermann  supposes.  The  stag  of  Ca- 
nada, having  horns  without  antlers,  should,  we  apprehend, 
be  considered  as  a  distinct  species.^  Zimmerman  also  en- 
deavours  to  prove,  by  numerous  testimonies,  that  the  stag 
is  to  be  met  with  in  the  islands  of  Java,  Sumatra,  and  Cey- 
lon, as  well  as  in  Abyssinia,  Guinea,  and  Barbaiy.  Bnt, 
in  the  first  place,  the  stags  in  the  islands  to  the  south-wert 
of  Asia,  in  general  imperfectly  described,  now  appear  to  be- 
long to  the  species  of  Cerous  axUf  and  some  of  them  perhifs 

*  Otho  Fabriciusy  Fauna  Groenlandica  syftematioe  Sistene  Animalia  Groen* 
landitt  Occidentalis,  b«ctenu8  indagata.    Copeu.  1780. 
t  Linn^,  Sjritimey  edit.  13.    Omelin,  !•  p.  100. 
%  Comp.  GuTier,  Tableau  EKroentalre^  p.  160. 
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to  the  Jinldope  oryit.*  '  And  ie»  to  the  existence  of  stags  in    book 
Africa,  sitice'ii  is  altogether  denied  by  the  ancients,!  and     *^^' 
insnfficietitlj  tetablished  by  modern  authorities^  it  is  pro- 177~*^ 
bAIy  rotafined  to   a  few  herds  which  had  strayed  from  any  stags 
Asia,  OP  perKraps  broke  loose  from  some  royal  or  proconsu-  *°  ^^"*^*- 
larparlc. 

Shnill 'we 'place  the' Cbtntium  Beat  in  the  number  of  ani- Common 
mals  which  are  spread  over  the  %hole  of  the  globe  i  Zim- 
merman finds  it  in  all  latitudes,  from  the  polar  circle  to  the 
equator,  and  beyond  it;  but  in  tiie  accounts  which  he 
quotes,  we  cannot  always  distinctly  ascertain  what  variety 
is  referred  to. 

The  Black  BeaVf  which  is  the  largest,  appears  to  be  met 
with  in  both  continents.  Its  existence  in  North  Africa  has 
been  clearly  proved  ;$  but  the  animals  in  America  to  which 
tills  name  has  been  given,  are  not  accurately  described.  As 
to  the  Brown  Bear  of  the  Alps,  we  shall  assert  nothing.  It 
exists,  without  doubt,  in  Siberia,  but  it  is  not  met  with  in 
the  Aleutian  Islands,  and  is  rarely  seen  upon  the  coasts  of 
fhe  Frozen  Sea,  the  abode  of  white  or  sea  bears.  As  to 
the  small  bear,  which  the  Norwegians  name  fuyre-Mom,  or 
marsh  bear,  it  seems  to  be  a  peculiar  variety,  confined  within 
very  narrow  limits. 

We  have  still  to  consider  the  geographical  distribution  of  Small  qua- 
some  small  animals,  concerning  which  we  are  extremely  ^'"P^<^** 
Kable  to  err. 

The  Btminej  or  Weasel,  with  a  black  muzzle,  according' 
to  Zimmermann,  is  a  native  of  every  climate,  being  found 
in  the  Molucca  Islanda,  in  Guyana,  and  in  Africa,  as  well 
as  in  Siberia,  Lapland,  Newfoundland,  and  Canada. 

BaU  and  .Mice,  those  troublesome  parasites,  embark  on' 

*  Valentin,  quoted  in  the  3d  Toluniey  article  Celebes, 
t  Herod,  ir.  192.    Conp.  Plio.  Arist.  ftc.  apud  Wesseling,   ad  Herod, 
loc.  cit. 

X  Oataker,  Miscellan.  1.  ii.  cap.  8.    Shaw's  Travels,  i.  170,  quarto  ed. 
S  Salmas.  Ezercit.  Plintan.  220.    Shaw's  Travels,  i.  177.    Larcher,  Histoire 
d'Herodot.  Hi.  p.  488—490. 
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hdard  our  skipa,  and  croBf  inlk  Impnify  fli» 
^"'^    w«U  as  tbe  polar  circles.    It  is  to  na^lgatiDQ  tint  wea 
aacribe  the  extensive  4istribiiiion  of  tbesetwoldadaof  i 
BMJfl.    Ob  landy  kowerory  asither  rats  nor  sieo  can  mj^ 
port  the  ooM  of  the  frigid  none;  tiMre  ave  aono  of  tliflBi  ia 
Greenland,  nor  in  the  most  northern  partof  Laplaad;  aad 
in  Siberia  they  are  npver  obaerved  bcyoad  tlio  6l8t  paadeL 
From  the  jHrecediiig  obfiorvafionsy  im  auij  draw  Hm  ooa* 
elosiony  that  it  is  not  yet  certaiiilj  demoafltratod  liiat  aagr 
species  of  animaky  periocti^  idcAticalf  has  beea  diatribated 
by  nature  over  all  the  regions  of  the  globe.    Ia  aoMlar 
climates  the  organizations  have  assamed  charactosa  whick 
nearly  approximate^  bat  never  exactly  coiacide. 
Qiiadra-       TlMTe  are  some  qaadrapecb,  whichy  froai  their  cwfuitj 
butecf  In"  ^^  sopportiug  a  very  great  degree  of  coldy  are  diatribatofll 
the  north-  in  both  continents  without  having  ever  passed  the  tropios) 
%hB^f'  tiiey  belong  to  the  cotd  part  of  flianortbtim^ratoaana^ 
The  rein        Thf  Rdn  JkoT,  of  all  luiown  terrestrial  animals^  haa  ita 
^^^''        range  nearest  the  pokb    la  Scanduiaviay  it  caa  acaicely 
exist  to  the  south  of  the  65th  pavallelf  in  Bassaa,  froai 
the  greater  coldness  of  tho  elin»ate^  it  is  found  aader  ttio 
SH  9  in  A^  it  descends  stUl  lover,  and  rovea  into  Chiaeia 
Tartary,  among  the  Tunguses,  beyond  too  59^  dagrcor 
Tbte  oblli|Qe  llaey  drawn  from  Laplaad  to  the  laaA  of 
Yesao^  is  very  remarkable^  because  it  nearly^  desigaatoa  toe 
physical  frozen  zone  of  the  ancient  continent.*    Tkb  lato 
deer  fads  within  this  liaa  only  a  species  of  mass^t  aa  yMA 
it  lives.    As  the  new  continent  ia,  if  not  catdary  aft  laasfe 
more  ancuUtvatcd  than  Siberia^  the  rcia  decr^or  the  Jtoriioa 
of  Canada,  which  ia  the  Mao  aaimaiy  daseeads  as  tow^aa 
the  45th  paralleL    The  ananal  wkiek  has  basa  teniiaA  toe 
Ghreenland  stag,  is  only  a  rein  deer. 
The  white      The  White  or  Polar  Btar,  an  animal  totally  diffweaf  from 
hw,^^     the  common  bear,  and  much  more  fomidable,  inhaMto all 
the  coasts  of  the  frozen  sea,  and  can  cross  from  one  conn- 
try  to  another  upon  the  floating  ice.    This  mode  of  con- 

*  (tcorgi,  Description  dc  la  RiiSKie,  iii.  1610. 
+  Lichen  Ran^ifctinu?,  T  . 
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ntj$nc»  wiroM  be  fliill  nore  oanaMm  to  sBidBflr  fwiauds.    book 
How^liiongMtimiBofthediftoMtUndsofpdw  ui. 

does  not  proTe  tint  flio  two  oontfaieiits  irare  fiumerlj  conti* 
gwws.  A  bridgt  of  kot  stteh  aa  Goofc  fomidf  is  soflcieBt  to 
\  fat  tiieoe  iiiiBnition& 


The  JboHimreUtr  F§x,  an  aniBial  diffafevt  firom  tboisatuor 
rnMwain  tm,  appaarato  Vkd  ikd  coM  mare  tluui  tha  reiBPoi»^o<* 
daar,  or  eroB  tha  white  bear^  for  tba  bear  retirM»  or  oob«- 
ceals  itself  at  the  approach  of  the  polar  mgkt;  asd  iiiaoB-' 
ly  timi  that  the  Imtia  Bmkea  ite  i^pattraBce.  Thia  animal 
laBBlcoBinediotfce  imaiedittta  YieiBity  of  the  fDlOy^itad- 
vaacea  ob  far  aa  the  AleatiaB  lalaada  and  Kamtehatka  W: 
one  siday  and  on  the  other  to  lodand  and  Lapland. 

Some  other  apedea»  which  ooold  swim,  may  haTO  passed 
over  by  tike  AleatiBB  Islands,  or  by  Behring^  Straits. 
Amongst  these  the  river  Otter  shonld  be  naaiedy  which  iaOtter, 
foandnponthe  aid  eontineBt,  ftiMn  the  TOth  degree  to  about 
the  BOIh^  in  Oe  kiiqfdom  of  Kam;  hat  in  tike  Evropaaa 
coantrieB  an  the  ahoras  of  the  MaditenraneaB^  it  ia  scarcely 
erer  seen^  having  been  probably  eaKpeUed  in  consequence  of 
the  caltlvntiiMi  of  the  soil.  In  the  new  wovl^  its  principal 
mnga  is  batwem  Ilia  50th  and  4ath  parallels.  The  Jltarsk 
Otter  ia  conikied!  to  a  still  narrower  range  bi  the  ancient 
continant,  viz.  the  space  between  the  65th  and  50th  parallala 
of  norAern  latitude.  The  Mbrine  Otter  saeais  to  prefier  the 
coaate  of  Kamlchatka^  awl  tfaenortb-west  of  America^  from, 
tewa  ta  the  40th  ^c^ree.* 

The  iadnatriaBs  and  peaceful  Btamer  was  mce^  perhaps,  s^aTer, 
a  native  of  all  the  countries  of  the  globe,  or  at  least  of  tha 
whale  of  tha  nerflimm  toi^erate  aona^  for  their  haUtatians 
eiistBdiB  Italy,  in  Persia,  and  in  Egypt  This  half  ciyi^ 
liaei  race  (tfaaimab  has  bean  extirpajlad  by  man.  In  the 
new  wmM^  we  atillfind  somU  coBMBunitieB  of  beaveis,  from, 
the  6001  te  the  aoflsDarthemparallsL  But  eren  in  the  da* 
wrisof  CanaiSf  they  bare  withdrawn  to  a  great  distanco 
from  the  residence  of  man. 

*  Geor^f,  Df  scriptioit  de  la  Russie,  iii, 
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sooK       To  the  Marten  is  assigned  about  two*thirds  of  tiie  north- 

XXI.     ei-n  temperate  zone,  beginning  at  the  6rth  degree  in  Europe, 

the  64th  in  Asia,  and  the  60th  in  America.    Zimmermann 

t«n.  ''  alleges  that  it  is  to  be  met  with  in  Madagascar,  in  the  king- 
dom of  Anziko,  and  in  Guyana;  but  the  only  circum- 
stance i^hich  has  been  proved  is,  that  the  marten,  properly 
so  called,  as  well  as  the  valuable  Bable  Marten,  is  dispersed 
over  the  Aleutian  Islands,  where  the  Siberian  marten  is 
never  to  be  found.'N' 

Lyiuu  lie  distribution  of  some  other  ]i:inds  of  animals  is  un- 

certain. The  LffnXf  that  tyger  of  cold  climates,  lives  to  tiie 
south  of  the  polar  circle ;  in  the  ancient  continent,  he  ap- 
pears as  far  north  as  the  Pyrenees,  and  in  Mongolia.  We 
are  but  imperfectly  acquainted  with  those  animals  off  the 
new  world,  particularly  of  Carolina  and  of  Nortii  Mexico, 
to  ^ich  the  name  of  lynx  has  been  given. 

TkeeUk  The  Elk,  an  animal  which  is  every  day  becoming  more 
rare^  seems  to  dread  extreme  cold,  since  in  Europe  it  very 
seldom  passes  to  the  north  of  the  64th  parallel ;  on  the  other 
hand,  it  is  never  found  to  the  south  of  the  52d  degree.  In 
Asia,  the  farther  we  advance  towards  the  east,  the  more 
does  it  range  to  the  south.  The  American  elk,  tiiough 
not  much  different,  appears  to '  belong  to  a  particular 
race,  as  the  genuine  elk  of  Asia  does  not  pass  Kamt- 
chatka  and  the  Rurile  islands.!  The  region  of  the  elk 
in  America  begins  under  the  parallel  at  which  it  terminates 
in  Europe,  that  is,  to  the  south  of  Hudson's  bay,  and  extends 
to  New  England,  or  perhaps  in  the  interior  as  far  as  to  the 
Ohio. 

Squimis,       The  Flying  Squirrel  never  ventures  farflier  either  nortii 

n!t%lL°  ^  south,  than  the  limits  of  the  fir  forests  in  which  it  makes 
its  abode.  The  Mountain  Rat  follows  in  Europe  the  chain 
of  the  Alps  and  the  Carpathian  mountains.  It  does  not 
exist  in  Scandinavia,  but  is  to  be  seen  in  Poland,  and  the 
Ukraine.    It  is  found  at  the  mouth  of  the  Don,  and  proba* 

*  Geofgi,  Btieription  de  )a  Riissie,  iii.  1533,  sqq, 
t  IH.  iHJd,  1€07. 
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Vtyin  Caucasus;  it  inhabits  the  Ural  noiintains'near  the    b<huc 
river  of  Kama,  and  firom  tlielice  the  race  has  been '  propa*^    ^^^^' 
gated  as  far  as  Daouria.    In  the  new  world,  this  animal  is  ' 

found  from  Canada  to  Virginia,  and  even  upon  the  Bahama 
islands.  The  Badger  and  some  other  small  animals  inhabit 
equally  the  northern  half  of  the  temperate  zone;  but  the 
identity  of  these  species  is  neither  established  nor  disproved 
in  a  manner  quite  satisfactory. 

The  quadrupeds  which  exclusively  belong  to  the  one  or^uadru* 
the  other  of  the  two  continents,  ai-e  in  general  such  as  are  Engine  to 
unable  to  support  the  cold  which  prevails  beyond  the  60th  ^^^"^J,*"* 
parallel.    The  Lemming  however,  a  species  of  mouse,  which 
often  migrates,  in  vast  numbers,  from  one  country  to  an- 
other, inhabits  the  whole  of  the  frozen  zone  of  the  ancient 
continent^  but  has  not  been  discovered  in  America.    The 
animal  named  the  Musk,  resides  in  the  mountains  of  Asia, 
from  Cacbemire  and  the  Altai,  to  the  mouths  of  the  river 
Amur;  it  is  not  spread  over  any  part  of  the  new  world. 
There  are  still  some  exceptions  less  remarkable. 

Certain  animals  appear  to  be  attached  to  the  confines  of 
i^hat  may  be  called  the  torrid  part  of  the  temperate  zone. 

The  Camel  seems  to  have  originally  come  from  Bactri-  camei 
ana,  or  Great  Bucbaria.*    It  lives  in  European  Turkey,  J^*V^^ 
in  the  Crimea,  and  amongst  the  Kirguises  and  Baschkira, 
under  the  55th  degree  of  latitude,  and  in  a  very  rigorous 
climate*!    ^^  ^^^  it  even  throughout  the  whole  of  Sou* 
garia,  in  Mongolia,  and  in  the  country  of  the  Mantcheovz 
Tartars^  where  the  winter  begins  in  September  and  ends  in 
May.    The  camel  does  not  advance  farther  than  the  28tb 
dq;ree,  in  China  and  India.    It  cannot  exist  in  the  penin« 
sula  of  Hindustan ;  but  in  Arabia  it  has  been  inured  to  liye^ 
nearer  the  torrid  zone. 

The  Dromedary  or  camel  with  one  hump,  well  known  Camei 
for  its  teetnessy  appears  to  have  come  from  Arabia,^  ^^hvmp!^ 

*  Arist.  Hist.  Anim.  cap.  1.  PHn.  viii.  18.    Bochart,  Hierosoicoo,  lib.ii.  cap. 
4^  p.  87,  89. 
t  PaUas,  Voyages  en  Hussie,  ii.  302  tqq»  iii.  80.  tqq. 
t  Bochart,  i.  e. 
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Africa.  It  kasbeoilirMglitasfar&sSmtiiCkiiiftjtatit 
^°^  fluiyesbcstmAfrica,  when  HiBtobeiiietivitbinEgTirt^ 
iH  BtabBFYf/m  ihe  banks  of  flie  Seaq^  and  flie  Gambia, 
IB  Higritiay  and  e^en  In  Gruinea  and  Abysaiiua.  We  had 
oonjectored  that  it  was  an  inhabitant  e^m  €i  flie  centre  of 
Africa;*  tiw  Englsdi  joainals  announce^  that  it  was  latelj 
ohserred  to  the  north  of  the  coontrj  of  the  Booshonanas^ 
under  the  tropic  of  Capricorn;  bat  the  account  which  they 
giTe  reqnires  conftrmatiotu 

Both  kinds  of  camels  appear  to  be  chieiy  attached  to  that 
hmg  tract  of  mountainous  country^  and  naked  deTalBd 
plains^  which  traverse  the  whole  of  the  old  continentf  and 
on  which  thej  find  saline  jdants,  such  as  tbe  fotariii,  tke 
statiee,  the  arUmisiOf  the  cherry  of  the  steppes,  and  the 
thftUus  kimiHSf  which  serve  for  their  ordinary  food. 

The  nimUe  Chmnois  loves  the  mountains  of  the  temperatB 
zone,  flie  tops  of  the  Pyrenees,  tbe  Alps,  the  AppmineSy 
the  Carpathian  mountains,  Caucasus,  and  the  country  of 
Siberia,  to  tbe  banks  of  the  Ischim. 
Mdie  ante-  ^^  Axtdopt  soigth  and  the  antelope  with  tbe  goitre  in- 
|ope,'&c.  habit  the  upland  plains  of  Tartary ;  the  former  is  found  as 
far  aa  the  53d  paralleL  The  OaxelU,  with  its  mUd  and 
brilliant  eyes,  prefers  the  more  southern  countries  ;  a  na- 
tive of  Caucasus^  along  wltJi  the  chamois^  the  gSMlle  ex- 
tends lis  range  as  far  as  Arabia,  and  across  Oe  whole  of 
Africa  to  Benegambia,  It  is  to  be  met  with  in  the  southeni 
temperate  aone,  and  in  Cafraria,  together  with  m  great 
mmber  off  other  species  of  antelope.  The  race  ef  atM^a 
faHow^  like  the  camefe,  the  great  o^and  plains  of  the  oM 
continent  There  are  species  however,  whieh  appear  to  be 
peculiar  to  the  coM  t^nperate  zone. 
Jackal.  The  Jackal  lives,  according  to  Zimmermann,  in  Torkiy, 
in  Barbary,  in  Bengal,  jmd  in  general  in  the  ooantries  of 
Asia  and  Africa  situate  between  the  4Sd  and  8th  degrees 
of  northern  latitude.    But  an  animal  which  lives  so  near 

*  Geographic  de  toutcB  Ics  parties  du  Monde,  publi^e  par  Menttllt  et 
Mahe-Brnn,  i.  518. 
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the  line  may  certainly  pass  it;  the  supposed  wo1f«b  of  Congo   book 
and  of  Cafiraria  appear  to  us  to  be  jackals.  ^^^ 

The  B^alOf  commonly  regarded  as  originally  coming  ^^ 
from  tbe  torrid  zone,  has  been  domesticated,  and  carried  aa 
far  noKh  as  the  46th  degree,  both  in  Europe  and  Asia.  It 
is  probable  that  the  foiuutw  described  by  Aristotle,  and 
which  lived  wild  in  the  mountains  of  Peonia,  a  district  of 
Thracia»  was  a  species  of  buffalo.*  There  are  two  other 
species  which  occupy  each  a  separate  tract  of  country. 

The  Orunihg  Ox,  or  the  Fakf  inhabits  the  upland  pbsasorimtiiic 
of  Mon^lia  or  Thibet  **• 

The  Buffalo  of  CafrariOf  appears  to  be  spread  over  all  Buffalo  of 
Africa;  for  why  should  we  not  refer  to  this  specias  all  the^*^"**' 
ancient  accountsf  of  bulls  of  a  monstrous  size,  cami^oroos, 
and  objects  of  tmror  both  to  men  and  animals,  which  weva 
alleged  to  have  been  seen  in  Upp^'  Ethiopia,  tiiat  isy  in 
Sennaar  and  Abyssinia,  and  to  which  Philostorgus  gives  the 
name  of  bvU-dephaiitsf  These  accounts  have  been  con- 
firmed by  the  evidence  of  modem  times.^  The  species 
with  moveable  horns,  indistinctly  noticed  by  the  ancients^ 
appears  to  have  been  rediscovered  upon  the  Mozambique 
coast  It  is  possible  that  we  shall  yet  meet  with  the  oxen 
and  bnflhloes  of  the  Garamantes,  whose  horns  pointing 
towards  the  earth,  forced  them  to  move  backwards  as  they 
fed. 

A  numerous  family  of  Apez  gambol  in  the  forests  between  Quadru- 
the  tropics,  and  show  rather  a  dislike  to  the  temperate  ^^^^^""^.^ 
climates,  at  least  in  their  wild  state.    The  apes  that  live  of  tb«  old 
oat  upon  the  rocks  of  Gibraltar,  have  pi-opagated  in  that*^**"**"*"^ 
Bitnationy  but  they  have  degenerated. 

As  the  word  ope  has  been  taken  in  a  very  generic  ao-Apes. 
ceptation,  it  is  said  that  this  animal,  though  confined  to  the 
torrid  zone,  is  equally  to  be  met  with  in  the  two  continents  j 

*  Ariit.  Hut.  Anim.  ii.  cap.  i.  9«  is.  cap*  45.  de  part,  animal,  iii.  3. 

^  Agatharcid.  ap  Phot.  Biblioth.  cap.  39.  Strabo,  Geog.  xvi.  p.  533.  edit. 
Ctsaub.l.  Plin.  viii.  21.  (we  must  distinguish  the  oxen  of  India  with  very 
-arge  horni,  Plin.  viii.  45.  £lian,  Hist.  Anim.  xvii.  45.) 

^  Ludolf.  Comment,  ad  Histor.  £lhiop.  i.  cap.  10.  iii.  cap.  11. 
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BOOK   but,  if  we  carefuUj  distingaish  the  various  species,  we  shall 
*xi.    perceive  that  there  are  none  of  them  common  to  both. 

There  is  a  very  distinct  line  of  demarcation  between  tbc 
of  diibreut  coontrj  occupied  by  the  Monkey f  the  Bahooiif  the  JUdndnllf 


the  JadcOf  and  the  other  apes  of  Africa,  and  that  inhabited 
by  the  real  Ourang-outangf  the  Qibbon,  and  the  FFoutrov, 
animals  which  most  nearly  resemble  the  human  figure,  and 
which,  as  they  are  met  with  in  the  islands  of  Borneo  and 
Java,  may  have  come  at  first  from  New  Holland  or  New 
€hiinea. '  Even  in  the  tribe  of  Makist  there  are  limits  mark- 
ed to  each  species :  the  Lari^  belong  to  the  East  Indies ;  the 
BaUagos  to  Senegambia;  and  the  Makis,  properly  so  called; 
to  Madagascar.* 

OinAu  The  Qirc^Of  or  the  camel  leopardf  so  remarkable  for  its 
height,  its  swan-like  neck,  and  its  gentle  manners,  seems  to 
belong  only  to  one  region  of  Africa,  namely  that  which 
extends  in  length  from  Cape  Guardafui  to  the  Cape  of 
Good  Hope,  and  to  which  should  be  joined  the  mountain- 
ous plains,  which  probably  occupy  all  the  interior  of  south- 
ern Africa,  between  the  sources  of  the  Nile  and  those  of  the 
rivers  of  Congo,  Benguela,  and  Monomotapa. 

This  region,  which  is  almost  unknown,  with  the  excep- 
tion of  the  maritime  part8,  seems  to  be  very  prolific  in  dif- 

Ztkia,  ferent  kinds  of  animals.  Here,  two  sorts  of  asses,  the  Zebra 
and  the  ^uagga,  are  to  be  met  with,  and  the  wild  boar  in 
his  greatest  strength ;  and  here  also  we  shall  probably  find 
many  of  our  domestic  animals  in  a  wild  state,  as  well  as 
on  the  central  plains  of  Asia.  As  this  region  of  Africa 
enjoys  but  a  moderate  degree  of  warmth,  the  camel  leopard 
appears  to  be  confined  to  it,  less  by  the  climate  than  by  its 
own  extreme  timidity.  It  is  seen  as  far  as  the  twenty- 
eighth  degree  south,  but  only  on  the  eastern  coast 

RbiDora.       The  two  varieties  of  the  BMnoceros  have,  each  of  tbeni) 

oiM*aBd  its  own  country.  That  with  two  horns  inhabits  only  Sonth 
Africa,  beginning  at  Congo  and  Abyssinia.  The  other, 
with  one  horn^  is  found  in  the  East  Indies,  and  in  China; 

'  CuTier^  Tableau  Element,  p.  94.  f??. 
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in  this  latter  country  the  rhinoceros  lives  to  the  thirtieth 
degree  north.  They  have  on  the  other  side  of  the  line  ^^^ 
spread  as  far  as  the  islands  of  Sunda.  Some  accounts 
would  persuade  us  that  the  rhinoceros  with  one  horn  ex- 
ists in  Monomotapa;*  but  this  is  probably  a  distinct  se- 
cies. 

The  SBppopotamus  is^now  confined  to  Africa;  it  lives  in  Hippopo* 
all  the  great  rivers  of  that  quarter  of  the  world,  and  is  seen  *"""^ 
in  great  numbers  near  the  Cape  of  Good  Hope. 

The  BUphants  of  Africa  and  Asia  are  of  two  different  ra-  Eiepbuits 
CM,  which  have  probably  not  intermixed ;  for  the  Asiatic  it^ioT. 
elephant  inhabits  only  India,  China,  as  Cor  as  thirty  d^rees, 
and  some  islands  to  tiie  south-east  of  Asia,  to  which  he  has 
been  transported  by  man.  In  Persia  and  in  Arabia,  we  find 
no^elephants  but  those  which  have  been  brought  from  other 
countries ;  and  we  know  that  the  animal  never  propagates 
in  tlie  dcHuestic  state.  The  African  elephants  do  not  advance 
farther  north  than  the  26th  degree  $  from  thence  to  the  Cape 
of  Good  Hope  they  are  every  where  met  with  in  great  num- 
bers. 

The  jLion,  the  .powerful  and  formidable  king  of  qua-  The  Uoo. 
drupeds,  has  been  stript  of  a  great  portion  of  his  domi- 
nions ;  for,  in  the  age  of  Horner^  and  even  in  that  of  Aris- 
totle, the  inhabitants  both  of  Greece  and  of  Asia  Minor, 
were  accustomed  to  fly  from  his  approach.?  From  pro- 
iane  and  sacred  history,  we  know  that  there  were  lions 
in  Armenia,  in  Syria,  in  Palestine,  and  in  £gypt  In 
none  of  these  countries  does  the  lion  now  appear.  This 
dreadful  animal  has  been  taught  to  dread  the  arms  of 
man;  he  has  retired  into  those  countries  where  there  are 
fewest  iDliabitants ;  he  roams  in  the  deserts  of  Arabia,  from 
whence  he  extends  his  ravages  to  the  environs  of  Bagdad. 
The  lion  is  to  be  met  with,  according  to  Zimmerman,  in 
the  mountains  of  Hindostan,  and  upon  the  coast  of  Mala- 
bar, upon  the  Gauts  of  India,  and  even  in  tlie  islands  of 

•  Thomann's  Voyage  and  Biography,  in  German  p.  118. 
t  Herod,  vii.  c.  126.  Arist.  Hist.  Aniin.  vi.  c.  31  • 
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Sttndft,  and  the  kuigioai  of  SiaiB.  Thk  appetn  to  be 
^1^^^  eztranely  improbeble.  Africa  ahrajB  wae^  «iii  stiU  k^ 
"■  liie  orantrj  nost  oeiebratod  fiir  en  alMuideert  fcroed  eT 
liw^  notwithsteadiBg  tke  nmnben  ceitM  ewsy  liy  te 
BMnenfl  for  tiieir  eeageiBerjr  ^orlB.  Tkfb  lieoe  winch 
roam  in  the  derated  bat  burning  plainsy  beyond  Meant 
Atla%  are  the  m^st  diistingnished  ibr  etvwgth  and  conr^ 


The  tiger.  The  Tiger,  leee  eKteneivelj  dietribntod  than  the  llatt»  ap- 
imackes  nearer  the  pole,  if  it  be  trae  that  Tonnwlbit  saw 
aeneaf  the  species  upon  Mount  Ararat.  The  RaasiaB  mi* 
ters  allege^  that  a  stray  tiger  is  occasionally  oboerradroaa* 
lag  as  far  as  Mongidia,  and  on  the  baaka  of  the  bchysiy  in 
Siberia.*  They  am  found  ako  in  eastam  PersiOt  and  in 
China$  but  the  clinates  in  which  they  attain  the  greatest 
aine,  and  dii^ay  neat  ferocity,  are  thoae  (rf  Bengal,  the 
Deocan,  Malabar,  Sianh  Pegu,  Ceylon,  and  SanurtMu  Its 
in  ttiese  countries  that  the  royoi  %er,  a  fit  fiiTonrila  of  efi« 
ental  despots,  gets  glutted  with  the  Uood  of  the  slavaa  who 
are  consigned  to  his  fury. 
PaotiMr.  Africa  contains  no  genuine  tigers ;  bo^  by  way  of  com- 
^^^'    pensation,  it  has  PMt&^s  and  ZeoiMfftb^ 

sensibly  distinguished  only  by  ti^ir  spots,  these  being  asors 

beantlfiil  and  more  perfectty  rounded  in  the  leopard,  wUd 

chiefly  inhabits  Gfuinea  and  Senegambia. 

The  ounce.     The  thmcef  which  differs  from  the  pantherin  tbe  groy  oa* 

lour  of  its  hide,  and  tiie  superior  mildness  of  ita  natan^  is 

more  widely  distributed,  as  it  is  found  throughout  the  whole 

of  Bartiary,  in  Arabia,  in  Tartary,  and  Chfaia,  and  aoaw- 

times  makes  its  appearance  near  Kutanesk  in  Siberia* 

Inference       ^Touk  this  sketch  of  the  geographical  distribution  of  ani* 

^^^I^Sj^iaals  peculiar  to  tfie  ancient  continent,  the  following  gene- 

of  the  an-  nd  inference  appears    deducible,  viz.  that  flie  tnfertor  of 

Denu'^''^''^^  and  that  of  ^/rioo,  have  been  eadi  of  them  Oe  aa- 

five  region  of  a  certain  number  of  spedee  <f  ammob.    The 

tiger,  the  Indian  elephanl^  the  camel  with  two  humps,  the 

*  GeorgI,  Description  de  la  Rubsip,  iii.  1519. 
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irad  aheqp^  Hnt  XSalUan  or  wiM  as8»  the  Dehiggetai  or  horse 
am,  the  gMnling  ox,  the  dk»  aad  the  musk,  are  flie  animals     >"• 
pacnliar  to  the  ceatral  opland  ^ains  of  Asia.    Those  which  """""""^ 
are  cfattmcteristio  of  the  upland  eastern  plains  of  Africa^ 
ar#  the  lidti,  tho  Afirican  elephant^  the  dromedary,  the 
InAIo  of  Cafrariaf  the  zebra,  the  quagga,  and  monkeys. 
We  cuiimM  help  thinkiag^  although  on  evidence  which  we 
admit  to  be  weaker,  that  the  northern  apland*plain  of  Afri- 
ca,  or  DHHint  Atlaa^  the  western  upland  plain  of  Asia,  or 
Tanrosy  and  the  centre  of  Europe,  or  the  Alps,  have 
equally  had  their  indigenous  races  of  animals.    If  tfie  twoQuadru- 
great  nuumes  of  the  old  continent  have  produced  each  of^^;^,^^ 
then  its  own  nceo  of  animals,  why  should  not  the  new 
worUhmre  abo  races  of  ito  own  ?    Why  should  tihe  majes* 
tie  Qhaln  of  the  Cmrdilleras  of  Mexico  and  of  Peru,  hare 
keen  mar»  excluded  from  the  general  action  of  vital  energy 
than  tiie  ocutral  upkmd  ^ains  of  Asia  and  Africa  i 

NoduBg  can  be  more  natural  than  to  suppose  that  the 
vast  and  isolatod  continent  of  America  had  idso  its  peculiar 
creation.  Hie  very  few  animals  which  were  able  to  pass 
fn»  Ihe  one  contment  to  the  other  by  the  nmib,  could 
scarcely  have  traversed  the  very  hot  climates  in  the  interior 
rf  America.  South  America  at  leas^  then,  would  have  re- 
amined  wholly  deiert^  had  not  nature,  whi^  leaves  no  spot 
vnpeo^ed,  furnished  the  new  continent  with  species  of  ani- 
mals entirely  unkn<>wn  to  the  ancient  world. 

Amongst  the  aniuials  which  pecuUariy  belong  to  North  Quadru- 
Atenea^  we  thinks  may  be  reckoned  the  great  elk,  named  j^^ 
the  MnM^'dierf  as  well  as  the  great  sti^  of  those  countries ;  America, 
spedes  which,  to  the  eye  of  a  mere  naturalist^  would  ap- 
pear only  as  varieties  of  families  found  in  the  ancient  con- 
tinent, but  which  physical  geography  pronounces  to  be  ori- 
ginally diflbren^  by  shewing  the  ertreme  improbability  of 
their  supposed  passage  from  Asia  to  the  north-west  coasts 
of  America.     The  bears,  the  lynxes,  the  ounces  of  the 
United  Statei^  are  j^bably  as  different  from  the  animals 
of  the  same  name  in  the  old  continent,  as  the  squirrels  and 
hares  are  upon  which  they  feed. 
T0£.  I.  34 
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The  Bisons,  or  hnmped  bnllsy  are  tiie  largest  qnadirnpeds 
^^^     in  the  new  world :    They  roam  in  great  herds  from  Hnd- 

^;  son's  bay  through  the  whole  of  Canada,  to  the  weat»ii 

^"^"^  territory  of  the  United  States,  to  Louisiafia,  to  New  Mei- 
ico,  and  as  far  as  the  shores  of  the  Gulf  of  California  ;  that 
is,  from  the  52^  to  the  33*  of  north  latitade.  They  diRr 
from  the  %dms  of  India,  and  from  tiie  tims  of  Eorc^; 
but  the  thick  wool  which  clothes  their  back  and  ntA,  as 
well  as  the  beard  that  covers  their  chin,  remind  as,  it  most 
be  confessed,  of  the  bison,  described  by  the  andenta  as  aa 
animal  inhabiting  Scythia.* 

Mutk  ox.  Mention  is  made  of  a  Musk  ox,  which  inhabits  the  ex- 
tremities of  America,  between  the  Welcome,  Baffin's  Bay, 
and  the  Copper  River.  According  to  othw  accoantB,  il 
wanders  as  far  as  towards  the  Pacific  Ocean*!  It  is  al- 
leged to  be  a  species  of  buffalo,  but  the  accounts  are  still 
very  vague  as  to  this  point  The  Mexican  stag  is  to  be 
met  with  in  both  Americas,  so  that  we  cannot  ascertain  iti 
native  country  $  but  the  animal  resembling  a  large  sheq^ 
which  has  been  observed  to  the  north  of  California,  a^ean 
to  be  different  from  the  analogous  species  which  browse  in 
Peru. 

quadru-        The  FaguoTf  the  tiger  of  the  new  world,  resmbka  the 

mnoui^to'  ounce  in  strength,  and  the  panther  in  skin.    ZinuDermana 


outh  proves,  from  the  narratives  of  modem  travellers,  that  there 
are  of  the  species  of  yaguars  some  which  equal  the  tiger  m 
size. — ^The  Puma,  or  the  Couguar,  which  has  been  called 
the  American  lion,  has  a  body  more  nearly  resemUiag  the 
wolf,  and  a  head  like  that  of  the  leopard  of  Guinea.  These 
are  two  kinds  quite  unknown  to  the  old  world.  The  ya- 
guars supposed  to  have  been  seen  in  Mexico,  were  proba- 
bly either  ounces  or  lynxes.  It  is  equally  doubtful  whe- 
ther tills  afaimal  has  advanced  as  far  as  the  cold  countiy  of 

•  «  Villosi  ierga  bifontei."    Sen.  Hippol.  v.  64. 

t  P«  Marco  de  Niza,  quoted  by  Zimmermann,  Almanach  de  Voyages,  1906, 
p.  73. 
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Patagonia.    The  e(n»guar  is  not  distribated  farther  than    book 
die  45*  of  flooth  latitude.  xxi. 

The  Lama  or  Chtanaeo,  which  has  been  improperly  nam-' 
ed  the  camel  of  the  new  world  i  and  the  Paco,  which  in  its 
domestic  state  is  called  bieunuOf  or  YigoDia*  or  Peruvian 
sheep,  inhabit  Chili  or  Peru,  to  the  10**  south  latitude;  they 
are  distributed  neither  in  the  plainsof  Tucuman,  nor  in  those 
of  Paraguay.* 

The  Tapir  is  the  largest  quadruped  of  South  America,  Tapir. 
although  it  is  only  the  height  of  a  cow ;  the  armadillo,  the 
tajas^u,  the   idle  ai,  or  sloth,  the  Fourmilier,  or  ant- The  Ant- 
eater,  the    Tawanoir,  the  different   JigmMs   and  OHttM^l^u't^ 
species,  all  of  which  acknowledge  South  America  as  the^^* 
place  of  tiieir  nativity,  do  not  in  general  spread  beyond 
the  tropic.    The  tajassou,  however,  according  to  some  ac- 
counts, is  found  in  Chili.    The  small  long-tailed  apes,  the 
Bapqjous  or  Marmosets,  the  Tamarins,  the  sagouins,  and  ManM- 
other  simUar  species,  are  very  numerous,  very  various,  and  ^uins,  Ic 
very  pretty  over  all  the  torrid  zone  of  America;  they  essen- 
tially differ  from  all  the  apes  of  Africa  and  Asia. 

On  the  confines  of  the  temperate  zone,  we  observe  stags 
of  different  kinds,  the  beaver  of  Chili,  various  Caviais, 
similar  to  hares,  and,  according  to  Molina,  the  horse  with 
cloven  feet    The  species  which  exclusively  belong  to  the  Small  tisa 
New  Continent,  are,  as  we  have  seen,  very  numerous;  butj'n  A*merU 
they  are  of  a  much  smaller  size  than  the  analogous  species  ca. 
which  live  under  the  same  latitudes  in  the  ancient  world* 
Physical  geography  informs  us  of  the  causes  of  this  pecu- 
liarity.   Do  we  not  know  the  peculiar  configuration  of  the 
American   continent?     Mountains  cold,  and  partly  bar- 
ren, are  immediately  succeeded  by   marshy  forests,  and 
plains  continually  inundated.    The  torrid  zone  in  America 
affords  but  a  smaU  extent  of  land;  the  temperate  zone  of 
the  North  is  encroached  on  by  cold    marshes ;  in  that  of 
the  South,  the  continent  tapers  almost  into  a  point    Thus, 

•  HelmfjVojraga  de  Buenoa-Ayrcs  ^  Liirfa.    Azara,  Quadrupadcs  da  Paia- 
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BOOK  throughout  the  whole  of  this  contiiieiitf  the  larger  species  of 
x^<«  animsls  are  either  strangers  to  the  cMmate^  or  have  not 
""""""^  room  for  the  ftall  doTelopment  of  tiietr  energies.  On  the 
other  handy  imported  animals  which  i^sree  with  tlie  dnurie 
of  America^  lose  nothing  of  tiieir  size^  their  beautj^  or  their 
strengtfi.  The  horse  and  the  ox  have  not  in  tiie  least  de* 
generated  in  the  extensive  pastures  of  Paragvaj.  If  the 
human  race  appears  to  have  undergone  deterioration  in 
America,  this  should  be  ascribed  rather  to  politieal  than 
to  physical  causes. 

If  reptiles  and  insects  abound  in  America^  if  they  there 
attain  a  larger  sfaee  than  any  where  else^  it  is  only  iriicn 
considered  relatively  to  tte  luiown  regions  of  Africa.  These 
regions,  peopled  from  time  immemorial,  have  seen  tteir 
primitive  animals  iy  before   the  bee  of  man;  bnt  wlio 
knows  whether  tiie  unexplored  interior  of  that  continent 
does  not  contain  extensive  marshes^  as  thicUy  peopled  with 
reptiles  and  insects  as  the  coasts  of  Ghiyana?  Does  not^  more- 
over, the  Delta  of  the  Ganges  swarm  with  serpents  of  enor- 
mous size  i 
Character      The  distinctive  character  of  South  American  zooh^ 
\^ot^^  consists  then,  principally,  in  the  diflhrence  of  species,  a  dif- 
South        ference  which  proves  how  little  intercourse  this  great  petiin- 

Amariea.    ^^j^  ,^^  ,^^  ^.^  ^^  ^^^  ^f  ^  ^^^,^ .   .^  ^^  ^^^  feceiTed 

any  species  even  from  Norfli  America,  while  the  latter  coun- 
try has  beheld  the  number  of  its  animals  augmented  by  ac- 
cessions from  those  of  South  America. 
Quadru-        We  have  still  to  consider  another  province  of  the  animal 
OcelmV^^ '^'^S^^iB,  a   provinco  hitherto  imperfectly  explored,  bat 
Countriei.  certainly  very  distinct  from  those  which  we  have  already 
examined.    The  islands  to  the  South  East  of  Asia,  as  well 
as  the  great  island  of  New  Holland,  occupy  a  position  very 
similar  to  that  of  South  America.    In  them,  therefore^  should 
be  the  cradles  of  races  of  animals  very  diflferent  from  those 
of  the  two  Continents.     These  races,  however,  are  far  from 
being  plentifully  distributed  in  the  remainder  of  that  vast 
archipelago,  which  is  placed  in  the  centre  of  the  great  ocean. 
We  do  not  find  there  the  OmUkarinques,  nor  the  Wmiatf 
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nor  the  Opntwm,  nor  the  lOangaroos,  animals  peculiar  to   book 
New  Holland.    We  mast,  however^  remark  that  these  spe-     ^^^ 
cies  resemble  the  didelphes  which  are  common  in  the  neigh- 
bonring  islands  of  AsiSf  that  opossums  are  met  with  in  tlie  wombau!' 
Molaccasy  that  in  Java,  there  are  Kangaroo-philanders,  and 
thaty  if  the  flying  phalanger  resides  in  New  Holland^  the 
white  phalanger  inhabits  tte  island  of  Amboyna.    Labil- 
lardiere  fiMnd  the  liaard  of  Amboyna  intiie  Friendly  Islands. 
We  may  add,  that  the  Ckissiawary  belongs  equally  to  the 
Molucca  islands,  to  Java,  and  New  Holland  $  and^  without 
waiting  till  it  be  discovered  whether  &ere  exist  in  that  great  Stag  Ho& 
island,  the  BabiroussOf  or  stag  hog,  the  Cervus  axiSf  thOout'^Q^^c. 
Ottraa^-OMten;,  and  other  mammiferi  <tf  Borneo,  the  Philip- 
pines, and  the  Moluccas,  we  may  consider  the  fifth  part  of 
fhe  globe,  or  the  Oceanic  countries  to  the  south  east  of  the 
Chinese  sea,  as  the  natiTe  region  of  an  assemblage  of  animal 
tribes,  of  which  future  discoreries  shall  increase  the  number 
and  unfold  the  relations. 

These  general  views  of  the  geographical  distribution  of 
animal^  however  imperfect  they  may  be,  may  assist  our 
readers  in  classifying  the  numerous  details  of  our  subsequent 
and  particular  descriptions  of  regions  and  countries. 
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BOOK  XXII. 

ConUwmtitm  of  the  TAeory  oj  Qtograpkii.    Of  the  Earflh 
amndered  oi  the  dboie  ^  Orgaime  Beingu 

SECTION  III. 

OF  MAKf  PHYSICAI2.Y  COKSIDKBBD. 

sooK  ^B.%  physical  organization  of  man»  while  it  subjects  him 
sail,  to  those  laws  of  generation,  growth  and  dissolution,  which 
extend  to  all  orders  of  living  nature,  bears  at  the  same  time, 


Dijpiity  of  in  each  of  its  parts,  and  as  a  whole,  a  character  so  peculiar, 
so  extraordinary,  and  so  sublime,  that  it  is  impossible  to 
suppose  even  the  most  distant  relationship  between  the 
brutes,  which  do  nothing  but  feed  and  propagate  on  the  sur- 
face of  the  earth,  and  him  who  is  born  to  exercise  dominion 
over  them.  That  upright  and  elevated  port,  which  indi- 
cates both  dignity  and  courage ;  those  hands,  the  trusty  m- 
struments  of  our  will,  the  dexterous  performers  of  the  most 
magnificent,  as  well  as  the  most  useful  works ;  those  eyes, 
uplifted  from  the  dust,  whose  intelligent  glance  can  survey 
the  immensity  of  the  heavens;  those  organs,  which  enable 
us  to  express  thought  by  articulate  sounds  of  endless  varie- 
ty; the  admirable  union  of  strength  and  suppleness  In  all 
our  members ;  finally,  the  harmony  and  perfectibility  of  all 
our  senses,  assign  to  us  the  first  rank  amongst  living  beings, 
and  give  us  both  the  right  to  claim  and  the  power  to  hold 
the  empire  of  the  earth. 

Anatomy  and  physiology  have  placed  these  truths  be- 
yond the  reach  of  dispute.*  Those  naturalists  who  have 
pretended   to  confound  the  human  species  with  that  of 

*  See  Gttvier,  Legions  d^Atiatomie  cMnparftty  etc. 
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monkeys,  notwithstanding  the  essential  difference  in  the  feet,    book 
in  the  organs  of  speech,  and  the  notes  of  the  Toice,  appear    ^^u* 
to  recogpiize  no  fixed  principle  whatever  in  their  classtfica-  — — ^^ 
tion  of  the  species  of  animals. 

Even   tlie  apparent  disadvantages  of  our  organization  ESecti  of 
powerfallj  accelerate  the  improvement  and  the  happiness  our  orgui- 
of  human  existence.    Endowed  with  the  strength  of  the 
lion,  n&ailed  like  the  elephant,  or  clothed  with  a  skin  impe- 
netrable to  cold  and  humidity,  we  should  perhaps  have  re- 
mained benumbed  in  stupid  indolence,  and  ignorant  of  all 
the  arts  of  life.    The  extreme  feebleness  of  the  human  frame 
at  the  moment  of  its  birth,  the  slowness  of  its  growth,  the 
multiplicity  of  its  wants,  all  those  infirmities,  all  those  ills 
which  nature  has  appointed  as  our  attendants  in  the  jour- 
ney of  life,  serve  as  so  many  spurs  to  quicken  our  dormant 
faculties,  and  as  so  many  bonds  by  which  man  is  knit  to- 
gether with  man.    Hence  the  origin  of  civil  society.    From 
tiie  Idng  lasting  helplessness  of  infancy,  arises  the  endearing 
relation  of  parents  and  children ;  from  this  relation  springs 
the  permanent  nature  of  the  conjugal  union.    The  union  of 
men  in  families  is  followed  by  the  formation  of  tribes  and 
nations.    It  is  by  uniting  with  his  fellows,  and  living  to- 
gether under  one  common  law,  that  man  has,  as  it  were^ 
created  man  j  it  is  by  forming  a  correct  estimate  of  his 
weakness,  and  by  inventing  instruments  to  assist  it,  that  he 
has  obtained  the  mastery  and  the  management  of  the  powers 
of  nature;  he  has  felt  his  penury,  and  the  stimulus  of  this 
uneasy  feeling  has  procured  for  him  his  true  wealth. 

This  animal,  so  distinguished  from  all  others,  forms  in  Unity  of 
the  scale  of  being  an  insulated  order,  which  contains  no^ind.""'^^ 
more  than  one  genus  and  one  species ;  for  we  understand 
by  species,  a  certain  number  of  organic  beings  which  pro- 
pagate each  other,  and  which  differ  only  in  qualities  that 
are  variable  and  distinct  from  the  characters  marking 
the  species.  Now,  all  the  nations  and  tribes  of  human  be- 
ings of  which  we  have  any  knowledge,  produce,  by  sexual 
intercourse,  individuals  that  are  prolific,  or  capable  of  pro- 
ducing other  human  beings  in  their  turn.    And,  on  the 
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other  hamU  *be  idiAnnoHi  dMenmble  in  Oese  tnbes  ut 
^'^^    cmiAned  to  qualities  ^fUoh  we  stiU  aee  crory  dl^  iviyini^ 
"""^acoDrding  to  llie  natvre  nf  Hie  ipod  iwUch  is  aatM,  a«d  frm 

the  influence  of  climate  and  dtaeaae** 
Tliefirat  of  these  asaertioiBs  does  not  reqaire  iOnslniioa. 

The  immerouB  dasaes  of  mm^rdi  and  wmiaUoe$  pradaced 

hj  Hie  union  of  diftrent  hnman  trihesy  an 


oahrva!'^^^"^*  iU  to  the  MGOttd  point,  ve  observe  Oat  the  difb- 
rieties  or  Fonoes  by  which  the  varieties  or  tribes  uf  the  speoics  are 
IhiTumaii  diatinguished,  relate  to  the  siaturt,  or  the  yftyriywsif,  or 
species,  the  colour  of  the  akin,  or  the  naiiure  of  the  hair,  mt^  lasHyy 
to  fhe  fonn  of  the  skuU  or  armnvML 

Every  peraon  knows  that  a  simple  mode  of  lift^  ah— 
dance  ^  nutritions  food,  and  a  salabrious  ataMsphere^  give 
to  all  organic  beings  large  and  graceful  forms.    The  exam- 
caa^s  of  pie  of  tho  Lf^danders  and  HuBgarians,  whose  language  in- 
ence  ^*Jta-  dicates  their  common  origin,  and  who  diflfer  extremely  ip 
ture.        stature  and  physiognomy,  snSGienfly  proves  that  the  ftaanty 
of  the  same  race  varies  with  the  climate  and  the  fualitieaaf 
the  country.    The  Germans  of  Tkcitus,  those  Patagsiainas 
of  Europe  are  no  longer  found  ii)  civilised  and  cuffivated  in 
Germany,  whilst  the  Hollander,  in  the  interior  of  the  eola- 
ny  of  the  Cape,  has  become  almost  a  giantf   How  many  con- 
trasts do  we  not  meet  with  in  a  single  nation,  and  at  inoan- 
sidarable  distances  ?    The  female  peasants  of  Westragottua 
are  uncommonly  pretty,  and  ttmse  of  Dalecarlin  are  in  go- 
lieral  ugly,  although  both  provinces  occupy  the  oe^re  of 
the  real  country  of  the  Goths.:):    Violent  passions,  the  yoke 
of  superstition,  dull  or  dieerful  occupations,  habits  of  ac- 
tivity or  indolence,  stamp  a  permanent  character  on  the 
physiognomy  of  whole  nations. 
Artificial       Several  difforences  of  physiognomy  are^  partly  at  least, 
p  ^siogno-  ^1^^  eff^i  of  a,p^    Numerous  eye-witnesses  oonour  in  j 

*  Blumenbach,  De  Varietate  nativa  generis  humani. 

t  Barrow's  Travels  in  Alrica.    SparmaoD)  Thunberg,  ^c« 

t  Arendt,  Voyage  en  SuMe.    Thunberg,  i.  234,  &c. 
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iag  us,  tlMit  «iM  S^gnoes,*  the  kriuAituts  of  Bnoii  aiifl  bhk 
tlie  C^nMees,!  the  peojAe  of  8iuii»tr«»  and  tiiose  of  the  x™^ 
Society  Igiaade^:^  depress  and  flettw,  with  gnat  care,  the  • 

aeae  of  aiew«>boni  iafantSy  a  praetice  wiiich  indeed  ooald 
not  have  fives  rise  to  each  a  hereditarj  cOB^^oratlony 
bat  wUch  oontribates  to  mider  the  euMsptiMS  eitraaeiy 


Variaty  of  4>oionv  leems  equally  to  defMnd  opes  eoEtemal  Causes  of 
eiKuinataaceo.  In  the  eane  nation  we  oOm  obaenre  iadi.  ^;,'^^^ 
fida^  of  OKtremely  difllnreat  cempleaianfl.  While  the 
Moorish  ladiee,  ehut  ap  in  their  hoaiiee»  and  searorfy  arer 
es^oaed  to  the  aan,  have  com^extone  «f  a  dazaling  'wfaMe- 
nasa^  tka  women  af  the  lower  ranka,  even  in  their  yoathf 
aoqiOM  m  cakiuf  appiMdikig  to  that  of  eootf  The  Abycad- 
man  nHNuitaineers  ave  aa  fidr  as  the  Bpaniaida  or  the  Naa- 
pclitana,  whilat  (he  iirimUtants  of  the  plains  aM  alaMMt 
hlacfc.)!  Amongst  the  Creeks,  or  Eauopeaas  bam  in  India, 
the  women  are  dktingaidbed  ftMim  their  siaters  iMnrm  in  En- 
n>pe,  by  the  sprightUness  of  their  look,  and  the  ebony  oo- 
loar  of  thair  iocks.f  The  canae  of  ooloar  csibIb  in  the 
mioaaa  and  rsticalar  texture,  [reU  awmtttin]  whidi  is  im- 
awdiately  nnder  the  f^idevmis.  If,  from  the  iitfuoMe  af 
extreme  heat,  or  from  some  other  local  cause,  there  is  an 
excess  of  carbon  in  the  animd  economy,  it  is  thrown  out 
along  with  the  hydrogen,  by  the  action  of  the  blood^veossls 
of  the  cuticle)  but  having  been  predpltatedby  theooniactof 
the  aimospherio  air,  it  beeemes  ixed  in  the  reU  flmeosum* 
IW  applieatlon  of  these  principles,  whidk  we  oweta  modom 
chemistay,  enables  us  to  explafai  why  the  akin  af  while  i 


*  Report  of  i^e  Qoivipittee  for  the  considf  rfttion  of  the  Slavf  Trade,  1789. 
fol.  p.  1.  c.  I. 

t  Lery,  Voyage  au  Bi€s!l,  p.  m.  98. 365.  Belaborde,  Relation  des  Caraibes, 
IMiy  17649P.  *?•• 

t  Maifdea't  Hiatoiy  otSmaUa,  p.  38.  Fonter»  awsBrbupgm,  te«  P*  41^ 
and  516. 

\  Poiret,  Voyage  en  Barbarie,  i.  31. 

fl  Brunt,  Afrika,  ii.  119. 

t  Hawketwortb'i  Collection  of  Voyages,  iii.  p*  374* 
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bUckens  in  certain  maladie8»  whilst  negroesy  in  the 
^^301*  drcumotanoesy  grow  white,  or  nther  yellow.  Both  pheao- 
mena  indicate  a  derangement  in  the  aecretions.  Bat  we 
Dificutty  will  not  conceal  the  only  difficulty  with  which  this  eipla- 
?JJ^^^^^^  nation  is  attended.  If  the  negroes  descend  from  a  race 
iour.^  ^^  originally  white,  millions  of  years  most  haye  elapsed  b^ore 
tiie  repeated  action  of  the  climate  could  have  rendered  thdr 
black  colour  hereditary.  But,  geological  monum^itB  seem 
to  shew  that  the  antiquity  of  the  human  species  falls  great- 
ly short  of  such  a  period.  ^  Either  thm,''  will  smne  philo- 
sophers say,  **  either  allow,  for  the  action  of  the  causes  which 
have  formed  the  yarious  races  of  men,  an  immense  aeries  of 
ages,  or  admit  that  these  races,  if  they  have  existed  only  for 
4^000  or  6000  years,  must  have  sprung  from  different  pairs 
that  were  originally  stamped  with  all  the  characters  of  their 
descendants.''  It  is  by  a  course  of  observations  upon  the 
negroes  transported  from  Nova  Scotia,  and  other  countries, 
tiiat  our  remote  posterity  shall  be  enabled  to  solve  this  diffi- 
culty. 
Vtrtety  of  The  numerous  varieties  of  hair  equally  depend  upon  the 
^^*  secretions  of  the  elementary  substances,  of  which  the  body  is 
composed.  But  here  the  facts  appear  contradictory.  Among 
the  civilized  nations  of  Europe,  the  hair  invariably  becomes 
of  a  lighter  colour,  as  we  advance  towards  the  north. 
Amongst  the  barbarous  nations  of  Africa,  Asia,  and  Amm- 
ca,  the  same  colour  of  hair  is  found  in  climates  completely 
diflbrent  While  the  dark-haired  Italian,  and  the  Scandina- 
vian witii  his  flaxen  locks,  although  belonging  to  tiie  same 
variety  of  tiie  human  species,  exhibit  the  eflbcts  of  the  actioB 
of  climate,  the  Laplanders  and  the  Samoides  have  hair  as 
black  and  as  rough  as  the  inhabitants  of  Mongul,  Thibet 
and  China,  a  race  with  which,  for  other  reasons,  we  must 
assign  them  a  common  origin.  All  the  negro  tribes  have 
woolly  hair,  even  the  Jalops,  who  have  theirs  a  little  longer 
and  less  curled.* 

*  Brunt.  Afrika,  r.  69. 
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It  does  not  appear  that  the  hair  of  the  Americans  pre-  book 
sents  any  shades  of  difference  compared  to  those  wldch  we  ^^ti» 
observe   in  European  nations.    We  might  attempt  to  ex-  ■ 

plain  this  fact,  by  supposing  that  the  nations  of  the  Euro-  STuISI^ 
pean  race,  haying  separated  at  an  early  period,  occupied  P^"»- 
countries  extremely  diversified  in  regard  to  climate,  and  pur- 
sued very  different  modes  of  living,  whilst  the  Mongul  or 
negro  tribes  must  have  multiplied  at  first  in  a  physical  re- 
gion,  whence  they  spread  themselves,  perfectly  formed,  into 
the  countries  which  they  now  inhabit  But  this  explana- 
tion, not  admitting  of  being  applied  to  the  Americans,  cannot 
entirely  solve  the  difficulty.  The  nature  of  tiie  hair  sttU 
remains  one  of  the  most  specious  ailments  in  favour  of  the 
system  which  supiioses  a  plurality  of  species  of  men. 

We  observe,  however,  that  in  the  European  race,  thefnilaeMt 
colour  of  the  hair  appears  to  change  with  the  civilization, 
or  rather  with  the  degeneracy  of  nations.  The  fair-haired 
race,  which,  in  the  age  of  Homer,  furnished  Greece  with 
kings  and  heroes,  still  existed  in  the  days  of  Tacitus  in 
Belgic  €raul  and  in  Oermany ;  but  now  it  appears  to  have 
become  extinct  in  the  cities  of  the  north.  Is  it  Ihe  fiicf 
that  spicy  food,  beverage  abounding  in  alcohol,  luxury,  and 
voluptuousness,  gradually  change  the  physical  constitution 
of  these  nations  ? 

The  varieties  in  the  form  of  the  cranium  or  skull,  seem  varietiw 
to  be  of  more  importance  than  all  those  we  have  examined  ;^[|^^  ^^ 
at  the  same  time,  since  the  researches  of  Mr.  Oall*  have  niunu 
demonstrated,  that  the  external  configuration  of  the  cranium 
depends  upon  the  form  of  the  brain,  we  can  scarcely  con- 
sider diversities  in  a  substance  which  is  sofl^  and  suscepti- 
ble of  every  form,  as  presenting  a  character  unequivocally 
marking  a  diversity  of  species. 

The  form  of  the  cranium  appears  to  us  to  depend  as  Oenmi 
much  as  the  physiognomy  upon  the  moral  character  of  the  ^ 

*  Qall  and  8panh«im.    Asatomia  du  cerveauz,  ftc.  ftc.  avac  fig,  Chac. 
SchoaU. 
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Mmdaak    Thwgh  it  is  iaipoBfllble  to  «M«i  to  wntj 
^^^*    pMaioa^  and  to  every  hcalty,  a  separate  orgaa  m  tiie  braia« 
itis  oBitsin  tkat  men  of  great  tdente*  and «f  strong  pas- 
stonst  have  the  bead  OMire  varied  with  banps  and  prota- 
heranoes  than  the  naltitodtt.     Another  fact   iSf  that  to 
these  natiansy  the  indiiridttals  at  which  suist  nearly  reaom- 
hie  HMfk  athar  in  character,  and  which  have  been  laast 
nnxed  witii  other  tribes,  tiie  atodls  appear  to  have  bass 
east  m  ane  oomnon  oatieDal  seould.     When  we  see  tfaa 
head  «f  oas  Hindoo,  we  see  the  heads  of  the  whale  aa- 
Htmt*  on  the  contrary,  in  Etirope,  wiiere  the  oharactem 
of  indtvidaals  vary  tootoemely,  we  find  skulls  of  erory  ferwh 
even  tha  most  remote  from  what  we  reckon  toe  rsgidar 
shape. 
Artjy»l       Independent^  tf  this  gienerri  cause,  to  which  shmdd 
be  added  tibe  dfecfa  of  food  and  climate,  the  form  oil  the 
head  is  fireqnently  modified  by  ariiflcial  means*    A  f9m- 
sure  osniinaally  s^ied  for  a  great  number  of  yean»  mmdk 
more  frequently  imparts  to  the  smooth  bones  of  the  head 
a  peculiar  conAgaratton,  which  becomes  even  national  at 
last     This  effect  auiy  be  produced  by  the  manner  in 
which  aeme  natmas  place  their  children  m  toe  cradle^  or  by 
manual  flsmpression,  long  and  carefoliy  applied*    Vesale 
relates,  that  in  his  time  almost  all  toe  Qermans  had  toe 
bead  flattened  beUnd,  and  enlarged  at  toe  sides,  beoanae 
toey  were  always  laid  on  toeir  backs  whilst  in  thecradle»t 
TheBe]gian%  on  the  contrary,  who  were  accustomed  in 
infancy  toala^  on  toeir  rides,  were  remarked  for  thaleagto 
of  toeir  bead.    The  American  savages,  from  sonto  Car»- 
i  to  New  Meiios^  have  all  of  tima  the  skull  depressed, 
I  tbey  lay  thfir  children  in  the  cradle  in  such  a  pa* 
rition  that  toe  crown  of  toe  head,  wtiich  is  placed  upon  a 
bag  iHed  wito  sand,  snpperto  almost  the  whole  wei^  of 
«tobedy4 

•  Comp.  Uw  fine  work|  <<  Les  Hindoos^'  par  M.  Solfynt. 

t  Vetale,  qnoted  by  Blumenbadi,  f  S3. 

X  Adair's  History  of  the  North  American  Indians,  p.  9. 


A  practice  prevaleBt  in  ancieiit  as  weU  m  modctn  timmi^    1MM, 
in  our  climates^  and  in  the  mest  distant  countries^  Is  t»    >^<>* 
bring  tike  head  ^  the  new-hern  infitnt  to  a  national  fimn       .      ^ 
by  meaiM  of  bandages^  diSkrsnt  sorts  of  instrumentSr  ot  who  pot 
even  the  rimple  pressnre  of  the  hands^    This  omtem  ofc*^^*^j^^^ 
tained  formerly^  and  still  eontinites^  among  tbsi  inhabitanls 
of  several  parts  of  Germany  ;*  among  the  Belgfansrf  ttie 
French  ;4:  in  sereral  districts  of  Italy ;  ameng  the  Islaniem 
of  flie  Grecian  Arehipdago  ;$  the  Turks  $  the  ancient  Sigyni^ 
and  the  Macrocephali  of  the  Euxine  Sea^j^  it  premils  Is 
tiiis  day  among  the  inhabitants  of  Sumatra  and  Nicobar  |f 
and  particularly  amongst  the  diiferent  nations  of  Alnerk% 
'  SBch  as  the  people  of  Nootka  Sound  ;**  the  Ohactas;  the 
native  inhabitants  of  Georgia;  the  Waxsaws  of  CaroKna; 
the  Garibbees;  the  Peruvians  rlf  the  Omagnas;:^^  tegeOer 
with  the  negroes  of  the  Antilles.$$     This  practice  was 
forbidden  in  Spanish  America^  by  flie  decree  of  a  natranal 
conncil.||||    We  are  in  possession  of  the  most  exact  descrip* 
tions  of  the  means  which  these  savages  emjdiqr  to  give  flie 
heads  of  their  children^  by  an  uniform  pressure^  tile  008-^ 
figuration  they  desire^^ff    This  fSftct  being  established  by 
80  many  unexceptionable  witnesses^  all  which  remains  now 
is  to  ascertain  whetiier  the  forms  of  the  cranium^  obtained 
by  these  means,  become,  after  a  long  series  of  generatiMB> 

*  J.  Chr  Gottl.  AclberiDaDii,  dans  Neues  Magasin  fur  Aerate,  dt  ttaUiii- 
ger,  vol.  ii.  p.  5,  6. 

t  Spigel,  de  Hum.  Corp.  Fabric^,  p.  17. 

%  Andry,  Ortbopedie,  yoI.  ii.  p.  3. 

i  Pbilites,  a  physician  of  Epirus^  quoted  by  Blumenbacfa.  Strabon,  U  sf.  p. 
35S.    Hipp«  de  Mtib*  aq.  et  loc. 

{  Marsdea'i  History  of  Sumatra,  p..  38. 

t  Nic.  Fontana,  ia  the  Asiatic  Researchei,  vol.  iti.  p.  151. 

**  Meares's  Voyages,  p.  349. 

tt  Oviedo,  Histoire  Gener.  de  las  Indians.  Torquemada,  Monarchia  Indi- 
ana, vol.  ill.    Ulloa,  Relation  del  Viage,  vol.  ii.  p.  633. 

ti  La  Cmidainine,  Mem.  de  TAcademie  des  Sciences,  1T45,  p.  427. 

H  Thibault  de  Cbanvalon,  Voyage  i  la  Martinique,  p.  39. 

Ii  H  Jos.  Saenz  de  Aguire,  CoUectio  Maxima  Concilionim  Omnium  Hispanitt 
et  Novi  Orbis,  vol.  vi.  p.  204. 

^7  Journal  de  Physique,  d'Aout.  1791,  p.  32. 


542  BOOK  TWBKTT-BBGOIIB* 

BOOK    natural  and  hereditary.    Hippocrates^  in  bis  treatise  on  air, 
3^x<i*    waters,  and  situations^  mentions  particularly  the  Maen^ 
jr~       cephalif  a  nation  in  the  vicinity  of  the  Pontus  EuxiBOS. 
•bRpes  be-  According  to  hin),  no  other  people  had  the  head  shaped  like 
21^!^^^'^  theirs ;  and  this  conformation  originally  resulted  from  a 
particular  practice.     The  Macrocephali  regarded  a  long 
head  as  the  index  and  symbol  of  courage;  in  conformity 
with  this  opinion  they  moulded  the  heads  of  their  infaati 
at  birth,  and  endeavoured,  by  various  contrivances,  to  give 
them  length  at  the  expense  of  breadth.     This  form  at 
last  became  natural,  and  no  care  was  required  to  pro- 
duce it. 
y*"^^       There  are  also  in  the  form  of  the  human  body,  other  di* 
Arantpartt  versitiea  which  appear  peculiar  to  nations,  and  pwhaps  to 
•ftiMbody.  dilTerent  varieties  of  the  human  species.    It  is  alleged  that 
aeveral  savage  tribes  have  moveable  ears ;  but  it  has  been 
probably  under  the  impulse  of  a  satirical  spirit  that  some 
authors  have  assured  us,  that  the  ancient  Batavians  had 
ears  singularly  deformed,  and  that,  amongst  the  inhabitants 
of  Biscay,  these  organs  are  of  an  unusual  length.    The  pen- 
dent breasts  of  the  negresses  are  occasioned  by  the  practioe 
of  suckling  their  infants  suspended  from  their  backs.    The 
fulness  of  this  part  seems  to  be  the  effect  of  a  warm  and 
humid  climate. 

We  shall  notice  elsewhere  the  deformity  of  the  Boschman 
women  in  South  Africa.  Amongst  the  tribes  of  the  South 
Sea,  or  Great  Eastern  Ocean,  the  chiefs  owe  their  swollen 
legs  to  their  indolence  and  manner  of  sitting.  Perhaps 
also  the  eUphantiasiSf  a  malady  frequent  in  Africa,  Ara- 
bia, and  Indostan,*  extends  over  the  Oceanic  countries. 
The  crooked  legs  of  the  negroes,  which  had  been  observed 
by  the  ancients,!  ^PP^r  equally  common  amongst  tbe 
Mongol  nations.:^  This  deformity  has  been  attributed, 
either  to  their  being  prematurely  accustomed  to  tiie  saddle, 
or  to  the  posture  in  which  they  are  placed,  during  the  pe- 

'^  AlUrd^  Histoire  d'uue  Maladie  Particuliere  aa  SysUme  Ljmphatiqoe. 

t  Aritt.  Problem  v.  14,  &c. 

t  Pallas  Bur  les  Nations  Mongoles,  ▼ol,  i.  p.  98. 
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nod  of  lactatioii»  fastened  to  the  back  of  the  mother,  aad 
clinging  to  her  forcibly  with  their  knees.  ^^ii* 

There  are  more  important  varieties  in  the  shape  and  pro-  Tr"T" 
portion  of  the  lower  limbs,  and  which  are  peculiar  to  the  tiM  propor- 
nation  or  the  tribe.    The  savim;e8  of  New  Holland  have  jj^  ^JJjJ* 
legs  extremely  tong  and  slender.*    It  is  not  true  that  this 
peculiarity  occurs  amongst  the  Hindoos,  as  we  are  told  by 
an  obswver  unworthy  of  creditf    But  it  appears  certain 
that  the  Mongols  and  Americans  have  their  legs  and  thighs 
too  short^  in  proportion  to  the  rest  of  the  body.    Some  na- 
tions have  small  hands  and  feet    The  Hindoo  sabres,  fre- 
quently brought  into  England,  are  too  small  in  the  hilt  to 
be  wielded  by  most  Europeans.^    We  might  refer  also  to 
the  Chinese,  the  Kamchadales,  the  Esquimaux,  the  Peru- 
vians, the  Hottentots,  and  the  inhabitants  of  New  Holland.$ 

Nations  diflTer  very  much  in  the  degree  of  strength  with  Diibrent 
vrhich  they  are  endowed.  The  interesting  experiments  ^^J^|^^ 
of  Peron  and  Regnier,  have  proved  that  savage,  or  half 
civilized  nations,  yield  to  tibe  Europeans  in  all  kinds  of  ac- 
tive force ;  but  we  have  no  doubt  that  tibey  possess,  in  a 
more  eminent  degree,  that  passive  force  which  resists  the 
inclemency  of  the  seasons. 

After  sunmdng  up  all  the  observations  made  by  travd- 
lers,  the  celebrated  Blomenbach  reduces  all  the  varieties 
of  die  human  species  to  five  principal  types  or  models,  on  ^'^^P^^"^ 
which  a  deliberate  and  minute  examination  has  enabled  us  tie,. 
to  make  only  a  few  slight  modifications. 

The  first  variety  occupies  the  central  parts  of  the  old  Central 
continent,  namely.  Western  Asia,  Eastern  and  Northern  ^^^id  ^^ 
Africa,  Hindostan,  and  Europe.    Its  characters  are,  thacoDtinenu 
colour  of  the  skin  more  or  less  white  or  brown ;  the  cheeks 

*  B^ron,  Voyages  auz  terres  Australei,  Atlas,  pi.  xz. 

t  La  Boullaye  le  Gouz,  Voyaf^es  et  Observ*  p.  153.    Comp.  SolTyns,  !•  c. 

t  Hodge's  Travels  in  India,  p.  3. 

4  De  la  Barbinais,  Voyage  autour  du  Monde,  vol.  ii.  p.  6S.  Dampier's  Con- 
tinuation of  Voyage  round  the  World,  p.  100.  Wales  Philosopb.  Transact. 
'<>*•  Ul  p.  109 ;  and  Curtis,  ibid.  vol.  Ixiv.  p.  3S3.  Watkin  Tench's  Account  of 
the  Bettlement  of  Port  Jackson,  p.  179. 
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moK    tisgedwitiii^;  Imghifirt  ei4ih6rbmwnorfiUr;1]ie  be^ 
"i"^    almost  spherical)  the  face  otal  and  nafrov ;  the  featares 
*'^**~~~  HMideratoly  marked  }  the  forehead  smooth  |  the  nose  aUgfit- 
}f  tmcbed  f  tiie  mouth  small  $  the  front  teeth  pevpoMom- 
iarif  placed  m  the  two  jaws ;  the  lips^  particularly  the 
Itmei  onc^  slightly  pouting  ;^  the  chis  full  and  rommL 
Tfaaregolariify  of  the  features  of  suck  a  ceaatenaace^  whick. 
la  tiiait  of  the  European,  causes  it  to  be  generally  consi- 
dared  aaflie  most  handsome  aad  agreeable.    The  festtares 
of  the  Hindoo,  the  Abyssinian,  and  the  Breber,  or  inbaliit- 
aoriAof  Mount  Atlaa,  do  not  essentially  differ  from  tkoae  of 
thtf  European,  ezeept  in  the  oolour  of  the  skin,  which  is 
dkrkeaed  from  the  effects  of  the  climate»  and  which,  nson- 
tmstr  ttAongst  the  Hindoos,  add  ema  tiia  Abyssinians,  ac* 
ciHiMS  a  vwy  fkir  tint  in-  flie  mountainous  provinces.    BIo- 
menbaoh' designates  this  race  the  CaasaMoa;  but  by  be- 
stowiag^tkis  name  be  invades  the  province  of  civil  hiatMTv 
nMch  ass^pMT  us  no  reason  for  believing  tiie  people  erf  Can* 
cMila  to  be  more  asoient  than  those  of  Mount  Atlas  or  tks 
^  Alps.    Neither  physiology,  nor  physical  geography,  far- 
ttish  the  least  pnMi^  that  this  variety  of  the  human  species 
has  had  a  common  origin ;  it  has  foirmed  itself  wksraver 
thera  existed  the  physical  causes  oa  which  it  depends. 
Eastern       ^Thoaecoud  variety  is  that  wUoh  was  irt  first'  erroneoBaiy 
^^"^  desigaalad  under  the  appellatito  of  Tartar,  though  the 
continent.  Tartars,  property  so  called^  do  not  belong  to  it    We  akaU 
call  it^  the  Eastern  Bacef  or  Fatiety  af  At  Andmi  CamH- 
nmU    The  following  is  its  character;  yellow  colour;  hair 
black,  stifli;  stra^bt,  and  not  very  thick;  the  head  alamsf 
quadrangular;  the  face  large,  flat,  and  depressed;  the 
fbatures  indistinctly  marked,  and,  as  it  were,  blended  toge- 
ther; the  space  between  the  eyebrows  large  and  smooth; 
the  nose  small  and  flat;  the  cheeks  round  and  prrauneat; 
the  opening  of  the  eyelids  narrow  and  linear;  the  chin 
pointed. 

This  variety  comprises  all  the  Asiatics  to  the  east  of  the 
Ganges,  and  of  Mount  Belour,  except  the  Malays  of  the 
extremity  of  the  peninsula  beyond  the  Ganges.    In  Em- 
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fope  tUtfi  vttriietjr   i#   fovod,  accorduig  to  Blumeubach,   book 
amoBllst  tt^  Li^w4en9  #iid  the  Ifiaw;  and  in  America,    ^"i* 

inongBt  tto  gwyrimi^Yj  Hr^m  Behriogs  Straits  to  Green- 

load.  Bflt  w#  am  cmvioced  tbat  the  Finlandersy  descend- 
ants ^  the  aac^ent  Acy^iiiavs  of  Europe^  should  be  classed 
vkh  tihe  first  variefyf  of  vhiic|i  thejr  form  a  very  ancient 
sabiiTifltoay  haiiaig  n^ii^  wkh  the  Celts  and  Basques,  as 
will  be  akemi  in  H»  daicription  of  Europe. 

The  Eastam  race  ^f  the  old  oontipent,  bounded  by  the 
limits  that  we  have  just  now  traced,  presents  a  remarkable 
idoitifty  af  Hut,  phyalognomy,  form  of  the  skidl,  and  even 
oflaagaag^  ^s  wa  shall  see  in  the  se%ueL 

Tha  4JMriQan  variety  lascpbles,  in  several  points,  that  American 
which  aiEa  luweteen  describiag*  Its  principal  characters  are,  ^^^*^^- 
IheeopperoQlQar;  hair  blai(A,8ti»igIit»  stiff,  and  thin;  fore- 
head short;  tfe^  sunk  in;  the  nose  alnMisttattened,andyat 
somowfaait  pMjaaking ;  the  cheek  boaes  |g^ 
the|u»  laiffe,  without  heiag  flat  or  Repressed.    The  fea- 
-tarei,  viewed  in  pcotte^  appear  very  markadt  and  of  a  bold 
oaMina     The  form  af  the  lorehaad,  aad  the  crown,  is  often 
Aealbotorart 

1Mb  variety  iDompvnhends  all  Amt^iah  ^H^cepi  the  north- 
ern axtremitiee,  inhabited  by  the  Esquimaoz.  It  appears 
to  he  compoaed  of  several  branches,  which  dIBer  considera- 
Uy;  jlha  complerion,  which  is  white  or  foir  amongst  the 
KwatiaaaTi  hecouMa  sJaiost  bladk  among  tiie  Brazilians; 
•the  ftatares  aad  the  sbdl  are  sometimes  flattened,  and 
somatimes  lengilhened.  All  <these  tribes  hfive  a  beand,^  but 
it  is  weak;  these  aae  some  who^  like  the  Mongol  and  Malay 
natiaaa,  phick  it  o^t  by  the  root*  The  opinion  that  the 
American  tribes  were  dictate  of  beard/9,  owes  its  origiii  to 
Be  Paw.  Robertson  the  historian,  an  apthor  still  more 
warliiy  of  credit,  l^ls  said,  that  all  the  Americans  have  the 
same  cast  of  coiuitenance :  to  sacb  a  degree  have  the  tniths 
of  physical  geography  been  overlooked  or  disregarded  by 
fliose  who  have  undertaken  to  write  the  history  of  man. 

*  Bluinenbach,  Gottingen  Magazine,  &c.  &c. 
vol.  I.  35 
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BOOK       We  shall  now  return  to  the  Eastf  in  order  to  consider  the 

^^^^    fourth  yariety  oF  the  human  species,  that  of  the  Oceanic 

^;^TJ^  countries,  or  fifth  part  of  the  world,  designated  by  Bln- 

the  Ocea-   menbach  under  the  too  arbitrary  name  of  the  Malay  race. 

tritfc*"""    The  following  are  its  still  very  uncertain  characters, — a 

tawny  colour;  the  hair  black,  soft,  thick,  abundant,  and 

curled;  the  head  slightly  shrunk  in;  the  forehead  a  litUe 

bulging  out;  the  nose  thick,  wide,  and  flattened ;  the  mouth 

large;  the  upper  jaw  a  little  projecting;  the  features  Tiewed 

in  profile,  appear  marked  and  distinct 

This  variety  comprehends   the  islanders  of  the  Pacific 
Ocean,  the  inhabitants  of  the  Marian,  Philippine,  Molucca, 
Sunda  Islands,  and  the  indigenous  tribes  of  the  pemnsula 
of  Malacca,  most  of  the  inhabitants  of  New  Holland,  and 
those  of  New  ZeaSand,  and  perhaps  even  some  of  the  na- 
tions of  Madagascar.    But  how   difficult  is  it  to  deter- 
mine any  thing  concerning  nations  so  imperfectly  known, 
and  which  appear  to  include  tribes  of  different  origins! 
The  immortal  Quiros,  who  first  discovered  the  Society  Isl- 
ands, carefully  observed  the  disparity  which  exists  between 
their  inhabitants.    He  says  that  some  resemble  the  Whites, 
others  the  Mulattoes,  and  even   the   Negproes.*    Modem 
voyagers  have  compared  the  reigning  cast  in  the  island  of 
Otaheite,  to  the  Europeans  of  the  sooth,  and  the  people 
to  the  Mulattoes*!    The  very  great   extent  to  which  the 
Malay  language  prevails,  and  which  at  first  leads  us  to 
suppose  the  identity  of  these  nations,  could  be  the  conse- 
quence only  of  ancient  migrations  and  conquests.    At  tiie 
same  time,  it  is  proper  to  state,  that  the  savages  of  .New 
South  Wales,  who   speak  a  language  diflferent  from  the 
Malay,  exhibit,  notwitiistanding,  the  leading  physical  cha- 
racters of  the  last  mentioned  variety, 
iftgro  Ta-      The  fifth  grand  division  of  the  human  race,  or  the  «Vr- 
''^^7*        gro  varietyf  is  attended  by  no  circumstances  of  a  doobtfnl 

*  Quiros,  in  Dalrymple^s  Collection  of  Voyages  to  the  Soutbern  Pacific 
Ocean,  vol.  i.  p.  161. 

t  Bougainville,  Voyage  autour  du  Monde,  p.  211. 
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nature.      The  characters   are^  coloar  black;  hair  black    book 
and  woolly;  head  narrow,  and  compressed  on  eacih  side;    ^^^i* 
forehead  very  conyex,  and  arched ;  the  cheek  bones  pro-  ■"■"""* 
jecting ;  fhe  eyes  even  with  the  forehead ;  the  nose  large, 
and  almost  confounded  with  the  upper  jaw,  which  is  car- 
ried forward ;  the  border  of  the  gums  narrow  and  elongat- 
ed; the  upper  front  teeth,  or  incisbrcs,  obliquely  placed; 
the  lips,  particularly  the  upper,  very  thick ;  tlie  chin  drawn 
in;  the  legs  in  general   crooked.    This  variety,  which  is 
spread  over  all  Western  and  Southern  Africa,  is  found  also 
upon  the  coasts  of  Madagascar,  probably  upon  those  of  the 
north-west,  and  of  New  Holland,  in  the  great  islands  oF 
▼an  Dieman's  Land,  in  New  Caledonia,  and  New  Guinea. 
It  is  even  supposed  that  it  anciently  existed  in  the  Philip- 
pine islands,  in  Borneo,  Java,  and  Sumatra.    The  Hara^ 
foraSf  who  still  inhabit  the  interior  of  some  of  these  islands, 
are  Negroes ;  so  also  are  the  natives  of  the  islands  of  An- 
daman*   Thus  all  the  regions  of  the  torrid  zone,  with  the 
exception  of  America,  have  produced  Negro  tribes; — a 
manifest  proof  of  the  influence  of  climate  upon  the  varieties 
of  the  species.    But  when  we  observe  the  differences  be-  Three  sub- 
tween  a  real  Negro,  with  a  complexion  of  jet,  and  woolly  Jfe'grlJe*. °^ 
and  crisped  hair ;  a  Caffre,  with  a  yellow  copper  complex- 
ion, and  long  woolly  hair;  a  native  of  Van  Dieman's  land; 
a  New  Caledonian ;  a'Papous,  or  New  Guinea  man,  of  the 
colour  of  soot,  with  frizzled  locks, — we  remain  uncertain 
whether  these  three  races,  separated  besides  by  seas  and 
mountains,  are  each  of  them  the  original  inhabitants  of  their 
present  abode,  or  whether  they  have  all  descended  from  a 
common  stock. 

The  Hottentots  form  another  remarkable  exception :  the  Houeiuots. 
shape  of  their  skull  is  that  of  the  Malay  race;  they  have 
tile  complexion  and  the  thin  beards  of  the  Mongol  variety, 
but  their  woolly  hair  resembles  that  of  the  Negroes. 

*8nch  are  the  principal  varieties  of  the  human  species,  Geographi- 
spread  over  the  surface  of  the  globe.    The  ancients  erro-  gio\*of  u,c 
neonsly  imagined  that  the  torrid  zone,  scorched  bv  the  rays  human 
f55 
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of  a  vertical  suiii  cut  off  iall  commimicatioQ  between  the  in* 
XXII.  habitants  of  the  two  tenperatesoneo.  This  opiniony  wUch 
~*'"''"^  contracted  the  boundaries  of  the  nniverse^  has  Taaished  away 
before  the  discoveries  of  Cohimbasy  of  OaBa,  and  of  Ckmk. 
Navigators  have  fonnd  inhabitants  in  the  most  snltoy  di- 
niatesy  and  in  the  neighboilrfaood  of  the  poles»  npon  tiie  most 
inaccessible  coasts^  and  even  on  islands  ttat  a  boundless 
ocean  seemed  to  separate  from  the  rest  of  tiie  worid.  The 
islands  of  Sj^tabergen  and  of  Nova  Zenbla,  to  tke  north; 
Sandwich  Isle^  the  islands  of  Falkland,  and  of  Kergnekn, 
to  the  sooth,— are  tiie  only  countries  of  considerable  eilent^ 
which  have  been  found  entirely  destitute  of  human  inhabi- 
tants. Man,  therefore,  has  the  whole  earth  as  his  «bode. 
He  can  live  in  every  climate^  and  his  habitaticms  reach  to 
tlie  remotest  confines  of  animated  nature.  The  Esquimanz 
of  Greenland  dwell  as  far  north  as  the  80th  d^s'ee.  In  the 
other  hemisphere^  the  bleak  and  barren  Terra  del  Fo^ 
supports  the  wretdied  Fetcheres.  The  New  Worid,  then, 
though  in  general  thinly  peopled,  is  stiU  inhabited  from  one 
extremity  to  the  other.  In  the  old  continent,  the  habita- 
tions of  man  form  a  collecMed  whole,  ^iddch  is  broken  in  up- 
on only  hy  some  sandy  tracts;  and  in  the  midst  even  of 
these  deserts,  man  has  peopled  the  Oiam,  those  vwdnntlri- 
ands  scattered  over  an  ocean  of  sand. 
^!d  ra"^  The  human  body  supports,  npon  the  banks  of  the  Bene- 
porud  ^  gal,  a  degree  of  heat  which  causes  spirits  of  wine  to  boiL 
In  the  north  east  of  Asia,  it  resists  cold  which  freenes  mer* 
cury.  The  experiments  of  Fordyce,  Boeriiaavc^  'and  Til- 
let,  prove  that  man  is  more  capable  than  most  animals  of 
supporting  a  very  great  degree  of  heat  We  have  no  doidit 
that  our  body  would  resist  extreme  cold  equally  well,  pro- 
vided that  it  retained  the  power  of  moving.  As  the  intensi* 
ty  of  the  cold  should  scarcely  increase  beyond  the  781ii  or 
80th  degree,  it  is  probable  that  man  could  saU  under  the 
poles  as  well  as  uniet  the  equator,  if  he  were  not  arrested 
by  the  ice. 
The  power  which  man  possesses  of  speedily  acconmiodat- 


mRDi 


i^uwcAh  «BQO]tAPinr.  549 

log  himaelf  to  eyerj  climate^,  i^pears  to  spring  from  the   bmk 
same  cauae  wUch  renders  hU  health  less  sound  and  less    ^^^^* 
steady  than  that  of  other  aninwilfl*     It  is  to  the  superior  r        7" 
affinity  of  tiie  component  particles  of  their  bodies  to  inert  supporting 
matter^  that  animals  are  indebted  for  thwe  instincto  of  ^i^[^^°| 
which  we  are  destitote»    Our  a^ise^  on  the  contrary^  are 
net  so  poignant»  our  body  is  aot  so  susceptible  of  impres- 
aioBy  the  impulse  of  our  passions  is  not  so  ungoyemable, 
bacttuae  the  whole  of  our  organisation  is  more  subtile^  more 
deUcatOy  and»  if  we  may  say  so,  more  intellectual.    The 
instability  of  health,  and  the  uncertain  duration  of  life,  are 
the  natiural  consequences  of  this  delicate  mobility  of  our 
oiKaiia.    It  is  owing,  howeverf  to  this  same  mobility,  tliat 
our  organs  obey  with  ease  and  promptitade  the  volitions  of 
the  BouL    A  firm  determination  not  to  be  OTercome  by  a 
distemper,  but  to  bear  up  against  it,  is,  in  the  opinion  of 
physicians,  one  of  the  most  potent  medicines,  whilst  an  ap- 
prehensive and  desponding  imagination,  is  sure  to  aggra- 
Tate  the  slightest  indiqioaition.    And  thus  it  is  that  our 
bodily  frame,  in  order  to  be  fiMrtified  against  tiie  influence 
of  a  new  climate,  only  waite  for  the  orders  of  the  mind,  to 
which  it  serves  as  an  organ.     Under  every  climate,  the 
nerves^  the  nuisclesf  and  the  vessels,  by  stretehing  or  relax- 
ing, by  dilating  or  contracting,  soon  acquire  the  stote  which 
is  habitually  suited  to  the  degree  of  heat  or  cold  that  the 
body  eaqperienoes. 

It  is  cMimonly  said,  that  the  sum  total  of  men  living  Sum  totai 
npen  the  earth  may  amount  to  a  mitttord^  or  one  thousand  ^^*]|'^'';, 
mi^lVm^r    But  all  the  calculations  which  have  been  made 
upon  this  subject  are  chimerical*    It  is  impossible  to  stote 
any  which  shall  even  approximate  to  truth.    Asia,  it  has  population 
been  said,  contains  five  hundred  millions  of  Inhabitante;^^^'^^- 
hnt  it  has  been  only  by  proceeding  upon  the  most  exag- 
gerated date  fbr  each  of  the  countries  which  compose  this 
quarter  of  the  world,  that  this  sum  total  has  been  arrived 
at    The  truth  is,  we  have  no  greater  reason  for  giving 
to  Asia  500  millions  than  for  giving  it  250.    Among  the 
diflbrent  accounts  respecting  China,  how  shall  we  hit  upon 
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BOOK    the  true  one  i    Has  that  country  27  millions  of  inhabitants^ 
XXII.    according  to  Sonnerat  f  or  55  millions,  according  to  the  ex- 

tract  from  the  official  Gazette  of  Pekin  ?  or  70  miUions,  ac- 
cording to  the  Russians  ?  or  100  millions,  as  De  CSmignes 
believed  ?  or  19,662,000,  as  M.  Busching  informs  us  ?  or 
200  millions,  agreeably  to  the  statement  of  the  Missionaries  ? 
or,  finally,  333  millions,  as  a  Chinese  mandairin,  perfectly 
veracious  no  doubt,  assured  Lord  Macartney  ?  This  sia^ 
example  may  suffice  to  convince  the  judicious  read^,  tlimt 
all  this  parade  of  figures,  is  founded  only  upon  vague  oon* 
jectures.  We  have  endeavoured  to  compute  the  populatioii 
of  Asia,  by  collating  the  accounts  of  modem  travellers.  We 
affirm  nothing :  we  merely  say  that  it  appears  to  us  that  ^ve 
cannot  assign  to  Asia  more  than  from  320  to  340  millions  of 
inhabitants. 

oftheOce-     The  Oceanic  division  of  the  earth,  or  that  collection  of 

ibn/'^^'  large  and  small  islands  to  the  south-east  of  Asia,  contains 
vast  spaces  almost  entirely  unknown.  Carrying  partial 
computations  as  far  as  possible,  we  shall  find,  from  Sumatra 
to  Easter  Island,  and  from  Manilla  to  New  Zealand,  only 
about  20  millions  of  inhabitants. 

Of  Africa.  As  to  Africa,  the  uncertainty  is  so  great,  that,  upon  the 
whole,  we  do  not  know  whether  we  should  estimate  that  quar* 
ter  of  the  globe  at  a  population  of  45,  or  90  millions.  One 
third  of  Africa  is  so  completely  unknown,  that  it  is  not  as- 
certained whether  it  contains  lakes,  or  mountains,  or  sandy 
deserts.  OP  the  parts  which  are  best  known,  there  is  not 
one  concerning  which  we  possess  any  correct  calculatioiiB. 
All  that  we  know  is,  that  the  population  of  Egypt,  of  the 
Barbary  States,  and  of  the  empire  of  Morocco,  has  been  pro- 
digiously exaggerated.  Mention  is  made  of  very  popoloas 
countries  on  the  banks  of  the  Niger ;  but  what  traveller  de- 
serving of  belief  has  seen  those  great  cities  which  should 
have  more  inhabitants  than  London  ?  All  pretensions  to  cer- 
tain calculation  would  be  ridiculous ;  but,  if  we  take  a  mean 
term,  70  millions  may  be  considered  as  the  numiRssi  of  the 
population  of  Africa. 

Population     }5o  Millions  of  inhabitants  have  been. assigned  to  Ameii* 

of  Amen-  ^ 
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ca.  But  tbere  is  scarcely  one4hird  of  this  number  whose  ex-  book 
istence  can  be  proved.  The  Spaniards  have  scarcely  ex-  ^^*'* 
tended  their  calculations  beyond  20  millions  of  inhabitants 
of  all  classes,  for  the  whole  population  of  their  colonies ;  and 
even  this  is  perhaps  a  third  too  much.  Brazil  has  only  one 
million  of  inhabitants,  according  to  Raynal ;  but  we  should 
now  reckon  a  little  more  than  four  millions,  including  the 
natives.  It  would '  be  difficult  to  discover  more  than  two 
millions  in  all  the  great  and  little  Antilles,  deducting  those 
possessed  by  the  Spaniards.  The  United  States  have  (1821) 
from  ten  to  eleven  millions  of  inhabitants.  English  Canada, 
and  Nova  Scotia,  with  their  dependencies,  can  be  estimat- 
ed only  at  a  million  and  a  half.  We  shall  not  meet  with 
two  millions  of  individuals  in  the  tribes,  or  rather  the  sa- 
vage families  of  the  interior  and  north-west  It  is  evident, 
therefore,  tibat  the  whole  of  America  does  not  contain  more 
tiiat  45  or  46  millions  of  inhabitants. 

Let  us  sum  up  the  whole  of  these  hypothetical  results.  General 
Europe,  the  only  quarter  which  is  known,  may  contain  170  »"™"*'y' 
millions  of  inhabitants.  Asia  has  from  320  to  340  millions. 
All  the  islands  of  the  Oreat  Ocean,  forming  the  fifth  part 
of  the  world,  may  contain  20  millions ;  we  shall  leave  70 
millions  to  Africa,  and  45  millions  to  America.  The  sum 
total  of  the  human  race  then,  will  amount  only  to  640  or 
650  millions  of  individuals,  instead  of  a  miUiard,  or  1000 
millions. 

We  have  more  satisfactory  and  correct  results  as  to  the 
proportions  which  subsist  between  the  births  and  deaths, 
and  the  number  of  marriages  and  of  living  individuals  of 
each  sex  and  of  every  age."^ 

*  SuBsmilchy  Divine  Order  in  the  variations  of  the  human  kind,  in  regard  to 
births,  &c.  &c.  3  vols.  8vo.  (in  German,)  3d  edition,  Berlin,  1765.  (4th  edi- 
tion, posthumous,  with  a  supplement  by  Baumann,  1775-87.)  Euler,  Re* 
cerches  Generates  sur  la  mortalite  et  multiplication  du  genre  humain,  in  the 
Memoirs  of  the  Academy  of  Berlin,  1760.  Lambert,  Remarks  upon  mor- 
tality, births,  &c.  in  his  Essays  on  applied  Mathematics,  Berlin,  1772.  (in 
German.)  9th  Memoire  Desparcieuz,  Essai,  sur  les  probabilitis  de  la  durte 
de  la  vie  humaine,  ftc.  &c.  Paris,  1746.  IVargentin,  Memoires  divers  sur  les 
tables  de  mortality,  &c.  in  the  Memoirs  of  the  Academy  of  Stockholm,  vol. 
xvi.  xvii.  sxviii.  et  xxxi.    Halley's  Estimate  of  the  degrees  of  mortality  of 
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BOOK  The  nAtona  limit  of  hmtn  lilt^  Mm  to  bo  »&m  ao 
'xxii.  lo  90  years.  Few  then  mtrtite  that  perloA^-«4lMi  giMter 
^^^^^  majority  die  long  MMi  they  eteii  ai^MHMieh  it     Of  dl 

prOMrtionsBOW   bom    illfailtey    OOO    iMt    Of  /OBT   ittoi   tho   lIlBt   yoBT. 

aLord?'  3^0 //ft#  Only  attain  their  Mxth  yeai^)  and,  Mblm  Ihe 
To  H«-"^  twenty-secofad  yeBTi  one  hMf  6t  the  geBoMNhitt  li  cBBdgBsd 
to  tiie  grave  >— the  Ord^  wfaidh  death  obe^Toa  iB  Mit&ig 
off  hid  Tictims  is  one  of  the  mbtt  wodderAiI  phelHiniBBa  ia 
natare— the  causes  by  tHiich  it  is  affected  IM  tsB  BBBMMBi 
and  too  complicated  W  be  here  cOnSidwed  iB  dMalL  The 
unhealthy  natare  of  certain  ocoupationSf  the  impetuoaity  of 
the  passions^  and  the  corHtptloil  of  manaerSy  pMva  bo  iesi 
fatal  to  life  than  the  original  KreakBees  Of  ^  hoBiBB  firaAew 
In  general^  the  mean  duriObrti  of  hfitnaa  life  is  between  M 
and  40  years ;  that  isi  otit  of  50  or  40  iBdividualSy  obo  ttso 
every  year. 

This  proportion  varies  in  a  singdlar  maaBer,  acoiMiBg 
to  sex»  localities,  and  dlhiates,  and  even  firoBi  obb  pro- 
vince to  another.  In  IT74,  there  was»  aceording  to  Sobb** 
milchy  one  death  for  every  B6  mea  and  woBiea  fa  riBssJBB 
Silesia,  and  1  for  every  S6  ia  the  March  of  BraaiaB^ 
Same  pro-  burg.  In  SwedcB,  accordiBg  to  WargeotlBt  they  reckoB 
^co^!v  1  in  S3  for  the  men,  and  1  in  89  f<kr  the  woom.  Ib  Dbb- 
!^»?/'if  1'*  mark,  the  proportion  is,  according  to  the  statiati«a  of  TIbb- 
rap,  1  in  S7  ^,  including  HoMMn.  In  KMway,  aeeoind^ 
ing  to  toe  same  author,  tiiey  allow  1  in  48  f  TheGeftttBB* 
Russian  geographers  affect  to  establiah  a  piii|^ttoB  still 
more  favourable  for  Rasda,  tis.  1  iB98ot  «${  MitVMMia 
ground  to  believe  that  they  proceed  on  eivsModS  dsMU 
It  is  certain  that  in  small  districts^  the  proporfiBn  ^Udl 

mankind,  ftc.  in  the  Philosophical  Traatacttoni,  1691.  Arthur  Toong^  Po- 
litical Arithmetic,  1775.  Black's  Arithmetical  and  Medicil  Analysitef  mdr- 
tality,  kc»  London,  1789,  9d  edition.  Shorfb  New  Oheeifattona  oa  City, 
Town,  and  Country  Bills  of  Mortality,  London,  1780.  KonebooM,  VerbawM- 
ing  tot  en  Proeve,  ftc,  that  is  to  say,  Memoir  upon  the  manner  i^  knowing  po- 
pulation, 1738,  id.  Aanmerklngen  op  de  Qimingen,  ftc  that  It,  Remark*  upon 
the  conjectures  relative  to  the  number  of  men,  1741.  Petty*ii  Obaenr.  on  ihm 
Dublin  Bill  of  Mortality,  At.  1683.  fijnsd.  Several  Esiayt  on  Politica] 
Arithmetic,  1699.  Graunt's  Annotations  made  upon  the  BUlt  of  Mortality, 
1666.  &c.  (thf^e  work^  are  quoted  in  the  order  of  their  importance.) 


mate,  4cc, 


FSTsioAii  oMCdUfm;  553 


the  nttober  of  th^deatlui  beartitiittttt  of  On  IMng  inko^ 
MtentefainmMihes^ttreiMtylow*  III  tlie  jNurtsh  of  ITaer-  »n* 
didf  ill  Ndrwriy,  !li6  itMiit&litjr  was  wily  l  In  74,  dnitig  ten  — — 
yeere.  In  ihi  gOTernnieiit  of  W&ronemk  In  Bosela,  the 
mortality  trAS  that  ef  1  in  79  ^1  bet  it  is  j^sicaUy  im- 
pttesililB  thM  profiotfione  ^^favoerable  can  oMnin  in  a  comi'- 
try  of  large  etient  In  France  it  appears  that  the  cempQw 
tattiMi  Ui  1  death  in  35}  und  that  is  perhaps  tiie  nioel  nnex- 
cep«ioiii*le  bteis  that  6to  be  adopted  for  My  country  of  Ike 
seme  eattent^ 

It  in  said  that  the  Mortality  is  tttn^h  gt^ter  in  towns  Moruiity 
ttftn  in  tHe  eonntry.    Wiirgentin  calculate  tMH  in  Stocky  l^d^^tha 
helm  1  itt  17  men  dies,  and  i  wonmn  in  si.    According  to  coantry. 
Price,  ttere  dies  in  the  \tafge  towns  tt  Bnglnnd,  etery  yenrv 
1  oat  of  from  19  to  ii ;  in  the  small  towns,  1  in  SB^  and  hi 
the  coontry,  only  1  in  40  or  50. 

AriflAslle  long  ago  exhorted  goTcmntentB  to  pretent  the 
^kcennmlMion^inhabitanlaiiitbecitleB.*  flosBmOcbcom* 
pMo  idtfM  to  a  conttnuallf  mghig  pestilence.  Buch  n 
swe^ng  assertion  exi^;gerates  the  efltets  of  nn  cfvii  whose 
etistenoe  cannot  be  denied.  The  inbabitalits  of  the  cewrh* 
try  enjoy  two  greet  advantages  orer  ttiose  tt  towns,  n 
porsr  alrv  and  a  more  sober  and  regolar  Hfe^  On  tiie  ett<^ 
bind,  rond  employmeirts  expose  those  who  fUlow  them  to 
M  many  accidents,  and  subject  them  to  so  many  hardships, 
tud  to  BUdi  a  miserable  'mode  of  living,  ttat  it  mny  be 
doubted  whether  the  real  disadvantages  in  dtlea  are  ns 
grMk  as  has  been  supposed.  The  apparent  disproportion  Is 
probably  owing,  in  a  grsftt  measure,  to  the  circumstence  of 
the  ho^^ttsls  being  almost  always  estsMlshed  in  towns,  and 
many  of  the  fsick  being  brought  to  them  firom  the  country. 
Out  of  fh>m  20  to  £1,000  deaths  in  Paris,  it  is  generally 
found  that  from  6  to  7000  have  taken  place  in  the  hospitals 
alone. 

It  appears  that  the  air  of  open  and  elevated  plains,  and  ^•"•^^ 
of  mountains  having  a  free  approach,  is  conducive  to  Ion-   °^^ 

•  Arist,  de  Republ.  tIi. 
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gevity.  The  same  thing  may  be  said  of  an  insnlar 
B3K'^  pberoy  which  is  always  renovated  by  the  breesses  firom  the 
'  sea.  Bussiat  Norway,  Sweden,  Denmark,  Scotlandy  Ire> 
land,  and  Switzerland,  are  the  countries  which  famish  the 
most  nnmerouft  and  the  most  authentic  examples  of  men 
9wd  women  having  had  their  lives  extended  beyond  the 
period  of  100  years.  In  these  countries,  we  may  reckon  one 
centenarian  for  every  three  or  four  thousand  individuals.* 
But,  we  know  that  there  are  many  countries  in  which  lon- 
gevity is  common,  although  we  do  not  exactly  know  to  what 
extent  Pliny  mentions  that  part  of  Italy  which  extends 
firom  the  Appennines  to  the  Po,  and  from  Placentia  to  Bo- 
logna, as  containing  a  great  number  of  men,  from  100  to 
150  years  of  age,  at  the  time  of  the  census  which  was  taken 
under  the  emperors  Claudius  and  yespasian.t 

Rare  examples,  however,  of  extreme  longevity,  of  a  life 
of  150  years  and  upwards,  seem  to  be  common  to  all  coun- 
tries without  distinction.  If  England,  the  salubrity  of  which 
is  so  highly  extolled,  has  furnished  three  or  four  examples  of 
men  amving  at  the  age  of  from  150  to  169  years,^  Hungary 
which,  generally  speakings  is  not  a  very  healthy  coontiy, 
has  seen  the  celebrated  Pierre  Czartan  prolong  his  life  to 
the  185th  year,$  and  John  Rovin,  at  the  age  of  l7St  had  a 
wife  of  164,  and  a  younger  son  of  117.  It  is  in  the  Ban- 
nat  of  Temeswar,  a  very  marshy  district,  and  subject  to 
the  putrid  fever,  that  these  examples  of  longevity,  and 
many  others,  have  been  observed.||  A  mode  of  life^  which 
is  sober,  and  unruffled  by  tumultuous  passions,  singpilarly 
contributes  to  longevity.  According  to  the  author  of  a 
inAMiice  very  curious  little  work,^  called  the  ^ipoU^far  FmOh^  15S 
mI''^"!!^  bermits,  taken  in  all  ages,  and  under  every  climate,  pro- 

•  Sunmilcb,  Ordre  divin,  4ec  «  483.  ,  t  Plin,  vii.  49. 

t  RobinioD,  Pbilofophical  Transactions^  Nos.  44  and  221.  Baddam  s  Me- 
moir, i.  164.  ill.  174.  Harleian  Miscellanies,  vi.  art.  8. 

I  Comment,  de  rebus  in  scient.  natur.  et  medic,  gestis,  vol.  ▼.  p.  147. 

I  HanoT.  Raret4s  Naturellet,  i.  ISO.  (in  German)  Cramer,  Append,  ad 
Bfledicin.  castrens.  de  climate  Hungarico. 

IT  Journal  de  MldTcTne,  vol,  Iniii.  p.  340. 
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dace  a  sum  total  of  11,589  years  of  life,  and  consequently 
an  average  of  76  years  and  a  little  more  than  three  months  ^^^'^ 
for  each ;  whereas  the  same  number  of  Academicians,  the  "~— "^ 
one  half  belonging  to  the  Academy  of  Sciences,  and  the  other 
to  that  of  Belles  Lettres,  gives  only  10,511  years  of  life^ 
consequently  69  years  and  a  little  more  than  two  months 
for  the  mortal  career  of  each.  It  is  therefore  not  improba- 
ble, that  in  the  ages  of  patriarchal  innocence,  the  period  of 
150,  or  even  200  years,  was  much  more  commonly  attained 
than  it  is  in  our  times.  This  is  what  the  ancients  afflirm  of 
the  Seres,  of  the  Cymi  of  India^  of  the  Epians  in  JStolia^ 
and  of  the  inhabitants  of  Mount  Athos  and  Tmolus. 

In  the  ordinary  course  of  nature,  at  least  amongst  civi-  ^^^^  ^^ 
lized  nations,  the  number  of  births  exceeds  the  number  of  above 
deaths.  But  the  proportion  varies  with  the  situation.  In  ^*^^* 
the  country,  there  is  frequently  1  born  yearly  for  every  22 
of  the  population.  In  towns,  the  proportion  is  less  favour- 
able, being  often  1  to  40,  more  generally  1  to  35.  In  this 
respect,  climate  occasions  a  remarkable  difference.  The 
most  healthy  climate  is  not  always  that  in  which  there  are 
most  children  born — for  example,  in  Denmark,  the  propor- 
tion of  births  to  the  existing  inhabitants  is  as  1  to  31  ^  in 
Norway,  as  1  to  34.  In  France,  the  proportion  is  as  1  to 
29.  There  are  reckoned  in  Sweden  4  children  to  a  mar- 
riage—in France  4i;  consequently  the  ancient  opinion, 
which  considered  the  north  as  the  officina  gentmnf  the 
cradle  of  nations,  although  supported  by  many  philoso- 
phers* besides  the  antiquary  Rudbeck^  is  altogether  desti- 
tute of  foundation. 

The  manner  of  life,  the  nature  of  the  different  tradeflf,  Phy^cai 
and  the  quality  of  the  food  commonly  used,  are  circum- ^h"^'„al. 
stances  which  exert  a  greater  influence  than  climate  upon  ^9^7  ^^e 
the  propagation  of  the  human  race.    It  has  been  observedycieiL^'''^ 
&at  people  who  live  upon  fish,  multiply  faster  than  those 

*  Machiavelli.  Storia  Fioreot.  1.  c.  3.  Bayle,  NouvelleB  de  la  RCpublique 
^8  L^uret,  1686.  January,  art.  8.  Comp.  for  refutation.  Warganttn,  Mem, 
of  the  Academy  of  Stockholm,  zvi.  173.    (German  tranilation.) 
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OB  BotMag  bvt  iwk.*    The 
of  SolofpR^  ft  enmatgy  by  n 
""""""^  perhaps  to  be  aociibod  to  the  bodi-wheat  wUdi 

tbeprfaKipBlMrtick  of  food  to  the  inhobiftHrtB  of  that  < 
ton;  for  tUe  kind  of  gndn,  as  ia  obaerred  in  birda^  i 
to  ainirakte  the  orgaan  of  (pDiieratioiiyt  whUst  rye^  om  the 
ooatrarjy  la  said  to  occaaion  infoeiMiAty  ia  the  fowls  that 
Kto  npoB  it^  Aarnig  tribes  that  lead  a  wandemg  life^ 
aad  are  not  wry  Bomeronsy  there  are  fewer  ehildreB  hara 
4mui  ia  theae  better  peopled  coaatries  whtte  tte  i 
of  both  aexes  are  brou|^t  aearer  together^  and 
freqaently  in  presence  of  each  other.  Ia  popaloaa  i 
howevery  which  hare  attained  a  high  degree  of  ciTilisatiaoy 
the  naajber  of  births  dianniaiiesy  owing  to  the  dsarwas  eC 
provisioasy  which  makes  it  more  dificult  to  support  a 
fomily^  and  conseqoeatly  renders  marriages  less 
The  period  ia  which  a  people  aabsist  principally  by  i 
caUurey  and  when  the  conrenieaces  of  life  are  easiiy 
eared,  appears  to  be  that  in  which  papalstion 
adTanoes. 

It  is  owing  to  the  physical  iaftuenoe  of  the  air,  tte  food, 
and  the  mode  of  life,  that  certain  seasoas  of  the  year  are 
more  fovourable  to  fecandity  thaa  others,  PMny  caUa  the 
o«iiiai  qpring  the  genial  MOion*  Hippocrates  had  preTioady  cb- 
■eaioni.  ggp^^  Q^  Spring  was  the  aeason  most  &TOBrable  for  eoa- 
oeptioa*  Aristotle  has  justly  remmrked,  that  the  aaa  and 
nnn  labour  togetter  in  tiie  reproduction  of  i 
vations  made  m  several  countries,  concur 
the  months  of  December  and  January,  to  be  fliooe  ia  wUck 
the  greatest  number  of  children  are  bom.  Lacal  eircam- 
stances,  depending  upon  the  SMmner  of  life  peculiar  to  a 
aationt  may  modify  or  alter  lids  general  rale.  Ia  Swedm^ 
according  to  Wargentin,  the  month  in  which  fliere  are  bmsI 
births  is  that  of  SeptenW^  and  the  month  of  Janaaiy  m- 

*  Monteiqatouy  Esprit  dei  Loiz^  1*  zxUu  c.  IS. 

i  Mem.  de  la  Soci^i  Rojale  de  Medicine,  1776,  part  iJ.  p.  70. 

t  Journal  de  Medicini*.  vol.  Ixiv.  p,  270. 
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I7  ranks  n«Kt  to  it    This  CM^t  is  easily  espluned^  lAn  we 
reccHec^  tiuiit  amongst  mil  the  nations  of  the  nqrdiy  partiaa»   ^^^ 
larly  in  Hm  emmtty,  tte  season  of  Christnias  jnd  the  nev  "^""*^ 
year  is  devoted  to  festrFiAy  and  nirtfa. 

The  nansber  of  births  is  directly  and  matoriaUy  tileoted  ^''^^^'^'^ 
by  canses  ct  a  mmral  and  polUical  notare.    The  JBffionUgr  ef  ^u^"* 
finding  saWlotence  is  mfriendly  to  the  increase  if  maniagoif  Shll^^^oe!^ 
and  it  ie  only  from  marriiiges  that  a  staito  can  kcfpt  to  see  a     '^^ 
nnmeimis  raoeof  chfldren  arise.    LyiertiniBni»  a  cosmhui^ 
ty  of  wives,  polygamy,  and  divorce,  bam  never  imd  assr 
Intary  influence  on  population.    It  has  been  shewn  hf  ikm 
most  anthentic  calculations,  <hat  of  two  bodies  of  individu- 
als, equal  in  number,  <that  •vrfiidh  lives  in  the  oarriage  state 
produces  more  children  than  that  which  promiscaenaiy  tinr 
dolges  in  the  commerce  of  the«s«es.    As  to  the  celebratod 
institution  proposed  by  Plato,  we  must  refer  to  that  phUa^ 
sopher  himself.    The  commm^y  of  wives  that  he  thought 
0^  was  regulated  by  severe  laws,  and  had  for  ito  object  to 
Hffitt  population,  by  purifying  it* 
East,  considering  the  numerical  equality 
allows  a  plurality  at  wives  to  one  man,  only  by  condemning 
to  cefibacy  a  great  proportion  of  the  community.    Montes- 
qmeu,  accordingly,  has  declared  it  to  be  very  injurious  to 
population^  but  this  philosopher  has  at  Hie  same  time 
defended  the  facility  and  frequency  of  divorce.    He  has 
ventored  to  attribute  to  this  cause  tiie  immense  number  of 
inhabitante  which  he  assigns  to  the  ancient  Boman  empire; 
uid  he  has  gone  so  far  as  to  insinuate  that  the  Christian 
religion,  by  inculcating  continence,  and  the  indissoluble 
nature  of  (lie  marriage  union,  has  diminished  the  number 
of  the  human  race.^     This  calumny  is  easily  refuted  by 
tbe  testimonies  of  the  anciento  themselves,  who  all  agree  in 

*  Flat,  de  Republ.  lib.  v. 

t  Lettrei  Persanes,  Let.  110.  Esprit  des  Lois,  Uv.  xvi.  chap.  6. ;  Hv.  uiii. 
chap.  8. 

}  Montesquieu,  Lettres  Persanes,  Let.  110  et  112.    Corop.  Esprit  des  Lois. 
^^'*^'  li(.;  xxiii.Sl.  near  the  end. 


The  polygamy  of  tiieofpoiyfa- 
ality  of  the  two  sexes^  ^JJ^  ^^' 


Torce. 
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representing  the  primitive  sanctity  of  marriaige  as  flie  direct 
zxii*  source  of  tiie  inexhaustible  strengtii  of  tiie  Roman  r^blic,* 
'"^'^'^  whilst  under  tiie  emperon^  in  tiie  age  of  cormption^  Italy 
would  have  remained  uncultivated  for  want  of  hands,  had 
the  soil  not  been  laboured  by  legions^  or  rather  by  whole 
nations  of  slaves,  collected  together  from  all  parts  of  the 
world*!  All  the  evil  which  has  actually  arisen  from  ibe 
celibacy  of  the  clergy — a  celibacy  no  where  enjoined  in  the 
Gospel-^cannot  countervail  the  services  which  Christiasitj 
has  rendered,  merely  with  r^ard  to  the  increase  and  pre- 
servation of  our  species. 

The  immoderate  use  of  strong  liquors  tends  to  enerrate 
the  frame,  and  to  exhaust  the  powers  of  propagation.   An 
active,  sober  people,  equally  moderate  in  their  passions  and 
their  pleasures,  will  always  be  superior  in  fecundity  to  a 
people  debauched  by  luxury,  effeminacy,  and  voluptuous  en- 
joyments.   A  proof  of  this  may  be  obtained  by  companog 
Agricuitu-  nn  agricultural  country  with  one  which  is  filled  witii  ym- 
tIm^u  -  7*^*^*    ^^  aj^ars  to  be  proved  that  a  square  league  laid 
tries.         out  in  fields,  can  furnish  occupation  and  food  only  for  1390 
individuals,  whereas  a  space  of  equal  extent,  planted  with 
vineyards,  supports  2604  persons.^     Why  then  are  dis- 
tricts abounding  in  vines,  often  more  thinly  peopled  than 
agricultural  provinces  under  the  same  climate  ?    Why  are 
ti»  vine-dressers  so  often  in  miserable  circumstances  ?    For 
no  other  reason  than  that  drunkenness  is  more  prevalent 
in  such  a  district,  and  because  the  annual  produce  of  the 
vine  is  more  uncertain  than  crops  of  grain. 
Ptriodof        «<The  period  of  puberty  arrives  sooner,^'  it  has  been 
pubertj.     gj^j^  44  Ijj  warm  and  southern  countries,  than  in  cold  cli- 
mates, as  those  of  the  north,  and  of  elevated  mountains." 
This  commonly  received  opinion  must  be  understood  vith 

•  Dioojs.  Halicarn.  ii,  Valer.  Maxim,  ii.  c.  4.  Aul.  Gell.  !▼.  c.  3.  Plut. 
Parall.  de  ThH^o  at  Romulo,  Cic.  dc  Republ.  lib.  rU  **  Majorca  noitri  /rmt* 
tar  stabiliia  matrimonia  esse  Toluerunt." 

t  Plio.  Hist.  Nat.  xxxiii.  10.  Seneca  de  Tranquill.  c.  8. ;  De  Brcvit.  Vitfi 
c.  12.    Atheii.  Deipnosoph.  Lips,  de  Magnitudine  Romana,  ii.  15. 

I  Difcours  «ur  Ics  Vignes,  Dijon,  1756. 
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some  limitetion.  It  is  true,  for  example,  that  the  Barbary  book 
women  are  generally  mothers  at  11  years  of  age,  and  cease  ^"'* 
to  bear  children  at  30.*    Buffon,  quoting  from  Therenotf  . 

says,  that  in  the  kingdom  of  the  Deccan,  boys  are  married 
when  ten  years  old,  and  girls  when  eight,  and  that  there  are 
some  who  bear  children  at  that  age;  so  that  they  may  be 
grandmothers  before  they  are  £0.    But  if  this  were  purely 
the  effect  of  climate,  as  Buflfbn  imagines,  a  very  singular 
consequence  would  follow.    The  climate  which  the  Negroes 
of  Senegal  inhabit,  is  certainly  warmer  than  that  of  Barbary, 
and  even  than  that  of  the  peninsula  of  the  Deccan.    If  then 
it  is  the  influence  of  climate  alone  which  accelerates  the  pe- 
riod of  puberty  amongst  the  nations  of  India,  and  which 
Bxes  it  at  10  or  11  years  of  age,  the  same  influence  should 
also  fix  the  period  of  puberty  amongst  the  Negroes,  at  seren 
or  eight  years.    But  so  far  is  this  from  being  the  fact,  that 
tdl  the  accounts  which  we  have  consulted,  seem  to  prove  that 
^  age  of  puberty  amongst  the  Negroes,  is  not  much  earlier 
than  amongst  the  southern  Nations  of  Europe.    It  appears, 
then,  that  even  in  the  torrid  zone,  the  physical  phenomenon 
in  question,  depends  rather  upon  the  difference  of  the  racep 
tiian  upon  that  of  the  climate. 

There  are  other  facts  still  more  conclusive.    All  the  Rus-  Exampiw 
sian  and  Danish  travellers  who  have  given  us  written  ac-  tion* Vn" 
counts  of  Lapland,  and  the  other  countries  in  the  neigh-  ^b"  ^-^ 
bourhood  of  the  Frozen  Sea,t  agree  in  stating  that  the  wo-*^'*^*' 
men  of  these  regions  are  not  only  very  lascivious,  but  that 
they  become  marriageable  at  an  early  period.    A  French- 
man who  has  seen  much,  and  seen  with  observation,:^  ^' 
sures  us  that  the  Swedes  become  sensible  to  the  passion  for 
the  sex  at  the  age  of  1£  years.    In  Russia  the  peasants  of- 
ten marry  at  the  same  age.    In  the  Yivarais,  a  mountainous 
ttid  cold  tract  of  country,  the  natives  are  as  soon  marriage- 

*  Shaw'g  TravelB  in  Barbaiy,  4to.  p.  241. 
^  HBgytrom,  Kliogstedt,  &e,Jb.c. 

t  M.  Fortia  de  Piles,  dans  le  Voyaf^e  de  deux  Fran^ats  dans  le  Nord,  tome 
»^p.4t2. 
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ableasiHffaeoaerproTiiice8oftbB8Mfliof9>wce.4^  TW 
^^^^^^  Mvages  of  Amcaicay  who  dwell  under  ilie  tiw^^  fnive  as 
laieetpvberty  iisttuii6eidM>UvBiie«r4liep^  Witjktkw 
the  mm  4»  wt  nwnrvy  to&w  lli^  eie  S0»  «or  Ito  vwmi 
tefonedou 
^rence^"''  It  iippDW9  tbctt  tiwit  we  sboold  coMider  this  jtyme^l  diC- 
feraece  r»jther  es  iBb^rent  in  the  perticalar  race  than  as 
dtfpeMdent'M  cUmatew  IlieceiiaeiBofliNitobeleeiiduithe 
«K(K«ie  jDormFtioi^  ^^  vmmers.  Be  this  as  it  sa^t  the 
yheowieQaoAf  whkh  we  speak  liaa  prohahly  hot  littie  la- 
flnanee  on  the  nuiafeer  of  hirtb%  and  «one  whatever  npoa 
ttfi  iitf^Mase  of  popidatioa.  In  the  first  place^  it  is  ohaeiT- 
•edf  that  in  eTerir  canntrj  wJhene  wooMnare  maniagqabia  at 
la  v<^  aaidf  period  thay  ^ajso  mwar  cease  to  bear  chtfdnn: 
Jfail^diathef  become  4>ld  at  SO.  In  the  second  plao^  the 
icbtfdiren  in!theaa<oowitries  aie  mora  feeUe^  and  snlgiaat  to 
jgPQator  moittalitgr. 


Numerical  .  d^b  last  ohseryatioB  4can  even  be  axtended 

ofbSrthjT"" stately  to  idl  natipns ;  we  should  always  bewave  of  ipfeniag 

t^!^^'   an  iacyreaae  of  fiapiilationy  $oldg  from  the  anmber  qf  the 

births  .appearing  to  he  rgreatly  siVMrifMr  to  the  nnvdier  of 

the  deaths.    When  this  excess  is  oa|a»mely  diqpnipQition- 

^  to  Aenumbar  of  deaths  and  marriagesy 'ttieva  ia  reason 

.to  sniv^  ^^^^^  '^'^^^  ^  exactness  in  malusc  oat  the  listi^ 

jor  soma  eprtraordiaary  pbymqal  circumstanoe.    "The  prsftr- 

itan  of  hirihs  U  nM/rriagti,  on  an  awei^gSy  and  in  »  Miai- 

try  <^  some 'extent,  can  scavcdy  be  more  than  5,  ericas  than 

8  bjdrttis  to  one  .marriage.    Theondinary  prgpo|9tiaii»  in  the 

nBMMrt.aviliaed  countries  of  the  worid^  is  four  hirtha  to  mut 

Marriage.     The  preportiim  between  births  ami  4eQtks  ifii 

.one  year  mth  another^  from  101  to  150  for  evny   loa. 

This  last  j^portion  Indeed  ^xxurs  only  in  jpme  yrovpaom 

M  amaU  ^i^wif  wA  singularly  iavoured  by  MiUvm.    Enpy 

proportion  higher  than  this»  with  regard  to  an  extensife 

country,  ought  to  he  viewed  with  suspicioUf  nnlaaa  verified 

by  calculations  and  registers  of  imdoubted  correctness  and 

"^  Memoire  dc  la  Soci^ti  roya]6  de  M^decine,  1780  et  1781,  part  II.  p.  IW- 
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aathenticity.    To  meirtion  ouly  (me  example :  tlie  Russians    book 
may  be  permitted  to  assert  that  almost  every  year9  (even  in    ^^^i* 
time  of  war,)  there  are  more  than  one  million  of  individuals  — — - 
bom  in  the  Russian  empire^  whilst  only  from  500^000  to 
600,000  die.    But  we  also  must  be  allowed  to  express  our 
doubts  as  to  these  marvellous  results,  and  to  ascribe,  in 
part,  this  disproportion  between  the  deaths  and  the  births, 
to  the  carelessness  of  those  who  keep  the  registers.    Euler 
has  constructed  the  following  table,  by  means  of  which  we 
may  see»  at  a  glance^  in  how  many  years  the  populatiofi  (^ 
a  country  may  be  doubled  under  certain  conditions."* 

In  a  Country  of  100,000  inhabitants,  the  Mortality  being    Table  of 

the  tpeciei. 


The  icaAi  being 
lothebiitlM. 

Tbe  nriplm  cf 
UithtviUbe 

This  raiplu  wiU 
oftheUniv 

ThedouUiiwortbe 
popobitkn  will  take 
■^      place  ID 

10  to  11 

12 

13 

14 

277 

555 

722 

1100 

^ 

250X  years. 
125 

96 

621 

15 

1388 

V? 

504 

16 

1666 

1 

42 

17 

18 

1943 
2221 

in 

19 

2499 

88 

20 

22 

25 

30 

2777 
3332 
4165 
5554 

l^ 

The  same  mathematician,  founding  on  data  extremely  fa- 
vourable to  the  propagation  of  the  species,  has  constructed 
a  table,  the  general  result  of  which  is,  that  the  human  race 
might  be  tripled  in  24  years,  and  that  at  the  end  of  300 
years  the  posterity  of  one  couple  might  amount  to  3,993,954 
individuals. 

Taking  the  total  number  of  the  human  race  at  ^'00  mil- Proportion 
lions,  (which  is  rather  high,)  the  ratio  of  the  deaths  to  and  deatbi 
the  living  population  as  1  to  33,  and  that  of  the  births  j?^  «*^" 

*  Ealcr,  Tablet  communicated  to  Susstnilcb.  Ordre  divin.  chap.  vUi.  4M5S. 
156.  lej. 
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BOOK    to  the  living  as  1  to  29 i,  we  shall  have  for  the  irlMrfe 


XXII. 


globe, 


23,728,813  .     .     .     21,212,121 

65,010  ....       58,120 

2,708 2,421 

45 40 

i f 


WOXgB, 


In  one  year,  . 

—  one  day,    . 

—  one  hour,  . 

—  one  minute, 

—  one  second. 

Whence  it  follows,  that  the  sum  total  of  the  human 
would,  in  one  year,  be  augmented  by  an  accession  of 
2,516,692  individuals,  were  it  not  for  wars  and  pestilenoes. 
This  augmentation  would,  in  100  years,  bring  the  number 
of  men  up  to  3,216  millions.  The  earth  might,  perhapsy 
support  a  still  greater  number ;  but  all  the  records  of  iiia- 
tory  deem  to  concur  in  showing  that  the  increase  of  the  hn- 
man  race  has  hitherto  advanced  at  a  much  slower  rate. 
Numerical  The  proportion  between  the  numbers  of  the  two  uxe$  is  a 
eftbe'two  matter  of  great  importance,  both  in  statistics  and  legislatioii. 
In  Europe  there  are  always  more  boys  bom  than  girls»  in 
the  proportion  of  21  to  20,  or,  according  to  others,  of  26  to 
25.  On  the  other  hand^  the  mortality  also  is  greater 
amongst  the  male  children,  in  the  proportion  of  nearly  27 
to  26;  in  consequence  of  which,  about  the  15th  year,  the 
numbers  of  the  two  sexes  are  brought  almost  to  an  equali- 
ty :  there  is,  however,  still  a  surplus  in  favour  of  the  males^ 
But  this  surplus  in  the  number  of  the  men,  even  though  it 
were  three  or  four  times  greater,  is  carried  off  by  wars,  by 
dangerous  voyages,  and  by  emigration,  to  the  casualties  of 
which  the  female  sex  are  less  exposed.  Thus,  the  final  re- 
sult of  this  is,  that  in  our  climates  the  women  are  always 
more  numerous  than  the  men.  This  difference  is  particu- 
larly observable  at  the  conclusion  of  a  long  war.  Accord- 
ing to  Wargentin,  it  amounted  in  France,  after  the  seven 
years  war,  to  890,000  in  24  or  25  millions  of  souls ;  and  in 
Sweden,  after  the  Northern  war,  about  127,000  in  a  popu- 
lation of  two  million  and  a  half. 

At  the  same  time  the  difference  of  numbers  between  the 
two  sexes  is  not  in  Europe  sufficiently  great,  nor  indeed 
sufficiently  steady  to  warrant  any  conclusion  unfavourable 
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to  tbe  sygtem  of  monogamy^  that  is,  of  roarrii^^  between 
one  man  and  one  woman.  Such  marriages  only  are  fitted  ^^u. 
to  insure  domestic  happiness^  and  to  maintain  pure  morals ;  — -^-— 
they  are  besides  sanctioned  by  the  soundest  maxims  of  po- 
litical economy;  and  none  can  doubt  that  the  prevalence  of 
P^ygomy,  or  tbe  marriage  of  one  man  to  several  wives, 
would  prove  fatal  to  the  welfare  uf  Europe. 

Some  travellers^  have  imagined  that  in  warm  climates  Are  thura 
there  ai-e  more  girls  born  than  boys;  and  as  the  male  sexJJJJI^f^'lJ, 
is  liable  to  more  rapid  destruction  in  such  climates  than  in<««(- 
ours,  the  surplus  of  women  must  become  very  great;  hence 
Montesquieu  concludes  that  polygamy  amongst  those  peo- 
ple admito  of  a  vei^  plausible  excuse ;  but  the  position  from 
which  he  sets  out  is  altogether  unfounded.    The  research- 
es of  Father  Parennin  in  China,!  ^he  lists  of  baptisms 
kept  by  the  Danish  missionaries  of  Tranquebar^  the  vari- 
ous censuses  taken  by  the  Dutch  at  Amboyna  and  Batavia^^ 
and  the  observations  made  at  Bagdad  and  Bombay,  by 
the  judicious  Niebuhryll  have  demonstrated  that  the  numlnnr 
of  children  of  both  sexes  is  not  more  disproportionate  in 
the  East  than  in  Europe.  ^ 

It  is  alleged  with  more  reason,  that  there  are  some  nations 
who,  being  in  the  habit  of  selling  a  number  of  their  wo- 
men to  foreigners,  experience  a  deficiency  of  them  at  home, 
which  has  obliged  them  to  establish  polyandrismf  or  the 
marriage  of  one  woman  to  several  husbands.5I  Such  a  prac- 
tice, if  it  does  exist,  is  evidently  the  least  favourable  to  po- 
pulation. , 

*  Kampfery  Description  du  Japon,  i.  liv.  2,  chap.  5.  A  CollectioD  of  Uia 
Voyages  of  tbe  East  India  Company,  i.  346. 

t  Lettres  Mifiantes,  xzvi.  recueil,  p.  8.  (Paris,  1743.) 

}  Sussmilch,  lX>rdre  Divin,  &c.  k  418. 

k  Valentyn,  Beschryring  ^an  Amboina,  ii.  p.  342.  Struyck,  Nader  ontdek- 
)(iiigOn  noppens  den  staat  van  bet  menschelyk  geslagt,  p.  104,  (in  Dutcb.) 

II  NIebubr,  Description  de  I'Arabie,  i.  102,  sqq, 

^  Dttbalde,  Description  of  China,  iv.  461.  Strabo  (Description  of  Media,) 
Ix.  798.  edit.  Aloiel,  Compare  Mtchaclis.  Mosaic  Right,  ii.  199.  (in  German.) 
36 
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BOOK       It  baa  beeii>  commonly  computed  that  a  district,  in  which 

XXII.    there  are  10,000  infants  bom  yearly,  must  contain  in  aU, 

295,02£  inhabitants  of  both  sexes,  of  whom  93,003  should 

prop^rUon  be  children  below  15  years,  and  202,019  persons  above  that 

ofMxet,      «-«^ 
ages,  "o^ 

stately  &c.  Amongst  these  individuals,  there  will  be  at  the  most  23,250 
monogamic  marriages,  (the  mean  duration  of  which  may  be 
estimated  at  21  years,)  5,812  widows,  and  4,359  widowers, 
the  rest  single. 
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ContinuaiUm  and  Conclusion  of  the  General  Theory  of  Geo- 
graphy. Of  Man,  considered  as  a  Moral  and  Political 
being;  or.  Principles  of  Political  Geography. 

Wb  have  for  a  long  time  considered  the  earth  as  a  phy-    book 
sical  body^  having  relations  to  other  physical  bodies  which  xxiii. 

BiuTOund  it,  OP  which  dwell  upon  its  surface.    No  sooner,  "T"; 

however,  had  man  become  the  subject  of  our  inquiries,  than  ceogra- 
we  have  seen  physical  geography  gradually  give  place  to  po-  P^^r- 
UticaL  This  branch  of  our  science  considers  the  earth  ac- 
cording to  its  political  divisions,  and  in  its  relations  to  the 
different  civilized  societies  which  are  established  upon  it 
It  is  evident  that  this  department  of  geography  has,  as  well 
as  the  others,  general  principles  of  its  own,  which,  taken 
collectively^  form  a  theory,  and  the  knowledge  of  which 
ought  to  precede  the  study  of  particular  descriptions.  Of 
these  principles,  however,  those  which,  from  their  having  a 
foundation  in  the  nature  of  our  being,  do  not  change  with 
the  changes  of  human  opinion,  are  few  in  number.  The 
other  relations  vary,  if  not  in  different  kingdoms,  at  least  in 
different  parts  of  the  world ;  and  this  induces  us  to  confine 
ourselves  here,  to  a  rapid  view  of  the  former  class  of  prin- 
ciples, reserving  for  the  others  tlieir  proper  place  in  our 
particular  introductions  to  the  description  of  each  grand 
division  of  the  globe. 

Articulate  language,  the  noble  inheritance  of  human  na-  Articulate 
ture,  forms  the  great  bond  of  civil  society.  Few  animals  Jf ^liJl*^"' 
have  language  which  is  arttadate,  or  possessed  of  distinct  i^^fi^^ 
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HOOK  and  uniform  sounds,  and  even  these  scarcely  amount  to  tea 
Kxiii.  Q,,  twelve  inflexions  of  the  voice.  No  animal  has  a  rati4mal 
language,  that  is,  a  language  whose  diflferent  sounds  express 
uniformly  and  distinctly  general  ideas.  This  faculty  of 
expressing  our  ideas  by  words,  insures  of  itself  the  con- 
tinued exercise  of  our  memory — and  without  memory  where 
would  be  the  understanding  ?  It  is  only  by  means  of  speech 
that  man  is  a  reasonable  being.  It  is  speech  which  renders 
the  observations,  the  feelings,  the  discoveries  of  the  indi- 
vidual, the  property  of  the  species ;  thence  arise  sciences, 
arts,  civilization,  and  the  unlimited  perfectibility  of  tiie 
human  race.  Language,  considered  as  a  moral  and  phy- 
sical faculty,  appears  then  to  be  innate  to  man;  but  the 
choice  of  sounds,  their  modifications  and  their  combinationsy 
must  have  depended  upon  the  will  of  man ;  natural  lo^c 
has  unquestionably  had  its  influence,  and,  in  addition  to  it, 
the  passions  of  individuals,  their  habits,  the  delicacy  of  tke 
organs, Ihe  nature  of  the  climate,  and  the  state  of  society, 
FrinitWt  would  all  of  them  contribute  to  produce  effects.  The  pri-- 
*"**■  mitive  tongtieSf  possessing  a  very  scanty  stock  of  words, 
simple  as  the  manners  of  those  by  whom  they  were  spoken, 
would  naturally  be  lost  by  becoming  confounded  with  the 
more  perfect  dialects  which  sprung  from  them,  just  as  the 
primitive  nations  have  disappeared,  by  merging  in  those 
nations  celebrated  in  history,  to  which  they  had  originally 
given  birth. 

But  although  all  attempts  to  discover  the  primitive  tongue 
appear  now  to  be  completely  abandoned,  philologists  still 
MoUmf  do  not  despair  of  fixing  the  number  of  mother  ionguesp  that 
toMguet.  |g^  Qf  those  which,  in  the  principal  words  of  which  they  are 
composed,  in  the  grammatical  inflexions  which  they  adop^ 
and  in  the  syntax  which  they  follow,  present  to  us  a  cha- 
racter independent  of  every  other  tongue.  These  mother 
tongues,  however,  as  they  suggest  the  possibilitfr  of  a  com- 
mon origin,  from  their  exhibiting  some  distant  traces  of 
resemblance,  form  amongst  themselves,  famUieSf  without 
any  of  them  being  able  to  claim  pre-eminence  in  point  of 
antiquity. 


It  may  well  be  asked.  By  what  criterion  flhall  we  ascer-    >o<kk 
taiA  the  high  antiqoitj  of  a  language?    Should  it  be  chiefly  ^^^<* 
oompoBed  of  wtceb,  as  the  OtaheUafh  the  Zend,  the  Basque  j.^^.^.  ^ 
or  Jftariaiiy  the  .Al^onfttifiy  the  CaribbUf  ihe  Esquimaux  f  tongwt. 
But  these  tongues,  almost  entirely  consisting  of  vowels,  Diflerent 
have  nm  mutual  resemblance  in  any  other  respect    Is  thsonong^e^^ 
most  ancient  tongue  monogyUdbic,  as  M.  Adelung*  would 
have  as  to  believe?    But  the  Chinese,  the  T&iieton,  the 
Hmfumese,  and  the  Biamese,  which  on  this  supposition 
woold  be  the  jHimitive  tongues,  hear  no  resemblance  in  their 
•ounda  to  the  language  of  the  Celts  or  the  Negroes.    If  we 
are  desirous  of  examining  languages  as  to  their  grammati- 
cal forms  and  their  syntax,  we  shall  find,  on  the  one  hand, 
some,  in  which  the  relations  of  genders,  persons,  modes  of 
action,  and  of  time,  are  expressed  by  the  most  ingenious, 
delicate,  and  profound  combinations,  as  in  the  Sanscrit,  the 
Hebrew,  and  the  Greek;  and,  on  the  other  hand,  we  shall 
see  others  in  which  all  these  relations,  though  indispensably 
necessary  to  thought,  are  attempted  to  be  marked  only  by 
clusters  of  vague,  obscure,  puerile,  and  arbitrary  words,  as 
in  the  Chinese,  the  Celtic,  the  dialects  of  the  Negroes,  and 
those  of  New  Holland.    Some  might  say  that  these  last- 
nentioned  tongues  should  be  the  most  ancient,  as  being 
nearer  to  nature,  in  the  vulgar  acceptation  of  the  word. 
History  however,  clearly  proves  to  us,  that  the  Hebrews, 
the  Indians,  and  the  Greeks,  were  at  least  as  ancient  as  the 
Ethiopians,  the  Celts,  and  the  Chinese.    It  is  then  indif* 
Cerent  wliere  we  begin  to  count  the  links  of  a  chain  which 
is  lost  in  the  darkness  of  ages.     We  shall  first  mention  Family  of 
the  faniUy  of  the  Indo-Oermanic  tongues,  which  extend  *n<J«:G«'- 
from  tiie  banks  of  the  Ganges  to  the  shores  of  Iceland,  tongoes. 
The  principal  divisions  of  this  family  follow  in  the  geogra- 
phical ord^  which  we  are  about  to  point  out.    The  SanS"  The  Sans- 
crii  prevailed  anciently  throughout  all  Hindostan.    From  c"^  |[^v- 
tiie  Sanscrit  descend  the  Dewanagara,  the  purest  idiom  of  ^c*^ 

*  Mithridates,  on  Notice  g^n^rale  dei  Ungues,  par  Adelung,  2  vols.  8to.  vol. 
>.  p.  120. 


anagara^ 
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The  Zend, 
the  Pelhe- 
vi,  &c. 


Greek 

tongues. 


Sclavonic 
tongues. 


Oermanic 
languages. 


India,  flie  TanaUc,  and  soveral  other  dialects  spokai  in 
tlie  Decan.  Besides  a  certain  number  of  nxrts  or  oripnal 
'  words,  which  the  Sanscrit  has  in  common  with  the  Greek, 
the  Latin,  the  SclaTonic,  and  the  German,  it  di^lays  abo, 
in  its  numerous  declensions,  and  in  its  extended  conjaga^ 
tions,  the  roost  striking  aiBnities  to  these  mother  tongues  of 
Europe,  particularly  the  Greek  and  Latin.  Persia  pre* 
sents  to  us  three  ancient  languages :  the  Zend,  which  ap* 
pears  to  have  been  the  sacred  language ;  the  PdheTi,  the 
language  of  ancient  Mediae  and  the  Parsi,  a  dialect  of 
Persia,  whence  descend  in  part  the  modem  Persic  and  the 
Kurde.  In  all  this  group  of  languages  there  are  a  great 
many  German  words  to  lie  found ;  the  grammar,  inimtdy 
less  rich,  and  less  regular  than  that  of  the  Sanscrit,  resem- 
bles, in  several  points,  the  genus  of  the  Gierman  and  £ng« 
lish  languages.  The  hissing  consonants,  unknown  ktke 
Sanscrit,  appear  already  in  the  Parsi. 

The  Greek  tongues  form  one  of  those  kinds  of  wUdi 
we  know  best  the  diflTerent  species.  Tlie  Hellenistic,  or 
Greek  proper,  had  three  dialects :  the  Doric,  which  is  en- 
tirely extinct;  the  Ionic,  to  which  the  modem  Greek  ap- 
pears to  have  the  greatest  resemblance ;  and  tiie  JBoliaiii 
which,  being  very  early  transplanted  into  Italy,  becaiae 
the  parent  of  the  Latin.  To  the  class  otScUrvome  tongweSf 
which,  in  their  declensions,  and  several  other  circumstances, 
resemble  the  Greek,  belong  the  Sclayonic,  Illyrian,  the  Po- 
lish, the  Bohemian,  the  Russ,  and  the  diflerent  remaus  of 
the  Wende  tongue.  The  language  of  the  Dacians  and 
Getse  was  probably  an  old  branch  of  this  class.  la  the 
class  of  Gfermantc  tangue$9  a  very  ancient  dlTision  is  per- 
ceired:  the  Frisonian,  French,  Saxon,  Anglo-Saxon,  and 
Alemanic  tongues,  form  the  Teutonic  branch ;  whilst  the 
Moeso-Gothio,  preserved  in  Ulpila's  version  of  the  Go8- 
pels,  the  Icelandic,  and  modem  Scandinavian,  in  its  two 
principal  dialects  the  Swedish  and  the  Danish,  oonstitate 
the  Gothic  branch ;  these  branches  diflTer  like  the  Greek 
and  Latin. 

In  the  neighbourhood,  and  even  in  the  midst  of  this 
great  family,  composed  of  the  more  perfect  mother  tongue^ 
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we  perce&Te  ofher  families  also  of  great  antiqaityy  but  wfaicJ^    book 
in  their  clamsily  coastracted  grammarf  aowise  resemble  .^^^i^i* 
either  them,  or  flie  Indo-Germanic  tongues.    Sach,  in  the !!    ^^ 
west  of  Europe,  are  the  Celtic  tongues.    The  principal  the  Celtic 
^ecies  of  which  are  ttie  Er$ef  spoken  still  in  Scotland  and^^"^*^*'- 
Irdaiid ;  the  Wdph,  or  Cimbric,  preserved  in  the  principal- 
ity of  Wales ;  and  the  CdtiCf  properly  so  called,  of  which 
the  Low  Briton  is  a  remnant  that  has  undergone  much  ad- 
mixture.   In  the  Spanish  peninsula,  there  existed  an  IbC" 
fian  or  Cantdbrian  language,  of  which  the  Basque  presents  Baaque 
to  us  some  interesting  fragments ;  and  which,  while  it  rivals  ^°^"'^^' 
die  Celtic  in  primitive  simplicity  of  structure,  differs  totally 
from  it  in  its  vocabulary.    In  Italy  and  Greece,  the  Pebu-  Ungua- 
gian,  Thradanf  lUyriaUf  Etruacafh  and  other  languftg^  |u[!,f  111^* 
disappeared  before  they  were  observed  by  philosophers.  "»>)  &c« . 
Perhaps  the  Jtlbanian  is  a  remnant  of  the  lUyriaiu 

From  the  wrecks  of  all  these  ancient  tongues,  from  Ohm 
mixture  with  the  Latin,  and  then  with  the  Germanic,  Scla- 
vonic, and  even  Arabic  dialects,  have  sprung  mat  langua- 
ges ;  such  as  the  Valaqf  the  JOalian,  the  Fravenfolfihe  Frmeh,  Mixed 
the  Bnglislh  the  Bpanish,  the  Portuguese.  anguages. 

To  the  north-east  of  Europe,  we  discover  the  only  scat-  Family  of 
tered  remains  of  the  great  family  of  Scythico-Sarmatic  lan^  llmltic 

gauges.  language. 

It  is  the  Finnish,  together  with  the  Esthanian  and  the 
liwmian,  that  we  may  consider  as  the  most  distinct  class  of 
all  the  otiier  languages  of  the  globe,  or  at  least  of  all  those 
of  Europe.  The  Z^pponic,  the  Permiaque,  with  various 
other  dialects  spoken  along  the  Uralian  Mountains,  and  the 
Wolga,  and  the  Hwngarianf  originally  of  the  same  regions,  al- 
ways exhibit  a  great  family  likeness.  But  in  the  LUhuaman,  uthua- 
and  its  dialects,  we  see  the  phenomenon  of  a  tongue  differing  °^^°* 
from  the  Ind(hQermanic  language  in  its  radical  words,  and 
which  at  the  same  time  possesses  in  its  grammar  astonishing 
delicacy  of  structure,  and  resources  unknown  to  the  other 
Scfithian  languages;  and,  in  truth,  an  undoubted  affinity  to 
the  Greek. 

Caucasus,  situated  in  the  centre  of  the  regions  in  which 
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BOOK    Ae  Indo-GermaTiic  langaages  prevail,  far  from  preaeirting 
^nnii.  to  as  the  common  source  whence  these  languages  deriyed 
their  origin,  interrupts  the  chain   of  them;   and   in   the 
£ttorgian9  the  Circassian  the  Jrmevianf  and  some  oti.er  sin- 
gnlarly  rude  and  simple  diHlects,  furnishes  us  with  a  distinct 
fiimily,  or  rather  a  distinct  group  of  languages,  little  known* 
and  unquestionably  of  great  antiquity. 
Anuntan       But  if  we  extend  our  view  to  Syria,  Mesopotamia,  Ara- 
tonguti.     i^ii^  mi  j  Abyssinia,  the  Jiramean  languages  draw  our  atteo- 
tlon  by  the  renown  of  their  ancient  civilization,  abundance 
of  guttural  sounds,  vast  store  of  words,  roultipled  infex- 
lOtts  of  the  verb,   great   simplicity,   and  even  poverty  in 
otter  respects.      Such  appear  to  be   the  common  rharac* 
ters  of  these  tongues,  amongst  which  we  shall  disttngotsh 
AnUc.     tiie  ancient  and  modem  JtrdbiCf  with  its  colonies  |  the  Mh 
refine,  current  over  all  North  Africa;  the  Oee%  and  Jrn^ 
karic   dialects,   spoken    in  Abyssinia;    and  the    different 
branches  of  flie  Arabic,  which  extend  along  the  east^n 
H^hrtw.    coast  of  Aflrica;  the  Hebrew,  in  its  various  modificaticHis 
from  the  ancient  idiom  of  Moses  to  the  Chaldee^  Sanuni- 
tan,  and  other  dialects  now  extinct,  with  the  exception  of 
Aeniciaii.  the  Rahhiniea  or  modern  Hebrew ;  the  PAentctaa,  of  wbicb 
tiie  Punic  or  Carthagenian  is  the  most  celebrated  branch, 
and  of  which  the  low  Arabic-^ol^ese  preserves  perhaps 
some  remains ;  the  Syriac  or  Aramean^  properly  so  called : 
finally,  the  ChaUean,  which  differs  from  the  Chaldaic  He- 
brew. 
Denomi-        As  the  most  of  the  nations  that  speak  these  langm^es 
aie^tic    descend,  according  to  Moses,  from  Shem,  this  stock  has 
Ujos^BffiM.  been  distinguished  under  the  general  name  of  the  ShendHc 
iangnages,  while  the  term  Japhetic  has  been  given  to  the  Ib- 
do-Gtermanic  languages.     But,  by  admitting  these  denomi* 
nations,  we  are  subjected  to  the  inconvenience  of  attribating 
to  the  descendants  of  Ham  all  the  other  languages,  from  ^ 
Celtic  to  the  Mexican  and  from  the  Negro  to  the  Chfaicse^ 
notwithstanding  their  evident  original  difference. 

The  stock  or  family  of  the  languages  of  Eastern  Asia, 
t>r  of  the  Monosyllabic  languages^  differs  entirely  from  that 
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of  the  Indo-Germanic  languages.  It  comprehends  the  BoeK 
T^betan^  the  Chinese^  the  Burmanf  composed  of  the  dia-  xutt« 
lects  of  Pegu,  Ava,  and  others;  the  Siamese,  and  the 
Annamic,  in  the  dialects  of  Cambodia,  Tonquin,  and  Co- 
chin China.  All  these  languages  are  nioi*e  or  less  deficient 
in  contrivances  for  marking  directly  the  cases,  genders,  num- 
bers, moods,  and  tenses ;  those  who  speak  them  are  obliged 
to  supply  the  absence  of  grammatical  forms  and  rules  of  syn- 
tax, by  intonations,  gestures,  and  a  sort  of  hieroglyphic 
writing. 

Hie  north  of  Asia  contains  three  or  even  four  kinds  of 
languages,  infinitely  superior  to  the  monosyllabic  tongues. 
The  Turcoman^  Budiariaih  and  different  Turkish  or  Tartar  l*"'^>>> 
languages,  spoken  by  the  Tartars,  properly  so  called,  from  uiigitagM. 
the  Crimea  and  Casan  to  Tobolsk,  and  in  Chiwa  by  the  Ot* 
toman  Turks ;  other  tribes  are  remarkable  for  the  exactness 
of  their  grammatical  structure,  particularly  with  respect  to 
conjugations,   and   for   the   power  of  forming  compound 
words  with  as  much  facility  as  the  Greek,  the  Persian,  or 
the  German.    Several  German  radical  words  occur  in  these. 
The  Mongol  language,  deficient  in  grammatical  combina-  MoDgoi, 
tions,  possesses,  however,  complete  declensions  5  it  abounds  &^"    *"* 
in  vowels  and  harmonious  sounds.  The  Mantchtm  language,  ton«««»* 
though  fall  of  monosyllabic  words,  possesses  a  very  complete 
and  very  varied  grammatical  structure ;  and  what  is  nin- 
gnlar,  it  contains  some  Greek  and  German  roots.    The  Ko- 
>van  and  Japanese  appear  to  be  closely  related  to  the  Mon- 
gol and  Chinese.    The  TSM^guse  is  a  dialect  of  the  Mant* 
ciioa ;  the  Bamoyede  differs  from  it    We  are  inclined,  how- 
ler, to  the  opinion,  that  all  the  languages  of  Central  and 
Northern  Asia,  with  which  we  are  most  familiar,  belong  to 
one  family. 

The. Oceanic  countries,  from  Sumatra  to  beyond  Ota- 
heite,  present  to  us  a  series  of  dialects  which  have  all  some 
relation  t'>  the  Malay ,-^a  language  of  the  eastern  peninsula 
of  India.  The  same  kind  is  found  at  Madagascar,  but  in 
ft  more  perfect  form,  with  a  more  methodical  grammar. 
"IWe  are  anqnestionably  some  general  languages  scattered 
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BOOK   over  lliis  immense  archipelago.    The  TagaUe  and  fheBita- 
XXIII.  gQ  of  iiie  Philippine  Islands  are  found  in  the  Molacca  and 
*"^^       Marian  Islands  |  traces  of  them  are  discernible  in  New  Zca* 
Taitie'ili^a  land.    These  two  languages  have  some  affinity  to  the  Mant- 
iMgttBgei,  chou  and  Mongol.    The  TaiHan  is  distributed  thnwghall 
the  small  islands  of  the  Great  Ocean.  More  to  the  west  the 
Negro  tribes  of  New  Caledonia,  New  Guinea,  of  Van  Die- 
man's  Land,  and  of  New  Holland,  speak  dialecto  which  pro* 
bably  form  one  or  more  separate  stocks. 
Singular        In  the  Oceanic  countries  a  singular  custom  prevails:  the 
cuitom.     priQ^;^^  on  their  accession  to  the  throne,  change  several 
words  of  the  national  language.    This  custom  obtains  in 
Africa.    The  numerous  dialects  of  the  savages  should  then 
be,  partly  at  least,  composed  of  cant  words,  created  and 
adopted  by  families,  insulated  and  obliged  to  distrust  one 
another.     This    hypothesis    has  much  probability.    IIm; 
languages  of  Africa,  which  are  very  little  known,  have  ap- 
ofdM  NeV  P^^*^  innumerable  to  some  travellers.    Others  HBSk  that 
groes.        this  is  truo  only  of  the  idioms  of  the  Negroes,  propHy  so 
called.    Indeed,  from  the  Senegal  to  Cape  Negro,  the  lan- 
guage spoken  varies  often  from  village  to  village.   Tke 
languages  of  the  Talofs,  of  the  Youlahs,  of  the  country  of 
Dahomey,  of  the  kingdoms  of  Benin  and  Congo,  as  well  as 
that  of  inland  Nigritia,  present,  however,  the  saine  combina- 
Bnber      tions  of  consoiiants,  and  some  common  words.  In  the  north, 
^sa»s«*  ^^  language  of  the  Brebers  or  Rabyles,  appears  to  us  as  the 
last  remains  of  tongues  formerly  spoken  along  Mount  Atlas 
Coptic,      and  the  Mediterranean.    The  Coptic,  a  remnant  of  the  an- 
cient Egyptian,  is  well  known.    The  researches  of  M.  Qoa- 
tremere  will,  perhaps,  inform  us  whether  this  language  is 
connected  with  those  of  the  original  inhabitanto  of  Nnbia 
and  Abyssinia.    Upon  the  eastern  side,  from  Magadaxo  to 
the  country  of  the  Hottentots,  the  geographical  names  shew 
Caffre.      the  prevalence  of  the  Caffre  language,  which,  even  amongst 
the  Betjouanas,  preserves  evident  traces  of  a  strong  mixture 
Hottentots,  with  the  Arabic    At  the  southern  extremity  of  this  part 
of  the  world,   the  Hottentots  speak  a  particular  dialect, 
full  of  clickings  and  shakings  of  the  tongue,  which  pro* 
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dace  soands  dimilar  to  the  cries  of  birds.    Their  tongues    book 
are  shorter  aiid  thicker  than  ours.*  txjxu 

Could  the  difTerent  character  and  genius  of  human  ,lan-  "*■—"" 
guages  have  been  the  result  of  a  hereditary  difference  in 
the  organs  of  speech  ?    If  this  principle  were  admittedy  very 
important  conclusions  might  be  drawn  from  it.    For  ex- 
ample,  the  Chinese,  the  Esquimaux,  and  the   Mexicans^  iniiuenc* 
cannot  pronounce  the  letter  r,  they  supply  its  place  by  L  ^^^I^^ 
Are  they  all  then  of  a  common  origin  ?    But  we  must  care-  lancuag^ 
fully  guard  against  admitting  with  too  much  confidence 
these  kinds  of  analogies,  since  fhey  might  grossly  mislead 
us.    For  example,  it  has  been  observed  that  the  compound 
consonant  mi,  which  a  European  can  scarcely  pronounce 
at  tlie  beginning  of  a  word,  was  common,  to  the  languages^ 
the  Negroes  and  the  South  Americans.    The  observation^is 
correct^  but  we  cannot  infer  from  it  the  common  origin  of 
these  tribes^  since  the  confounding  of  m  and  h  occurs  in  the 
iEolian*  dialect  off  the  ancient  Greeks,  who,  undoubtedly^ 
are  descended  neither  from  Peruvians  nor  Negroes.    There 
are,  in  Norway,  whole  families  who  commence  every  word 
by  the  consonants  ng,  so  common  in  the  dialect  of  the 
Negroes  of  Angola.     B  is  confounded  with  w  by  the 
Greeks^  fhe  Gascons,  and  the  Russians.     The  guttural 
soands  of  the  Arabians  are  to  be  found  in  the  G^man, 
a  language  of  a  different  stock.    These  examples  show 
the  great  difficulty  of  ascertaining  how  much,  in  such  sin- 
gular anomalies,  should  be  referred  to  physical  and  unvary- 
ing causes,  and  how  much  arises  from  the  influence  of  mere 
caprice. 

The  American  languages  are  scarcely  better  known  than  American 
those  of  Africa.    Humboldt  thinks  that  there  are  in  that>''>'fi''H««- 
quarter  of  the  world  a  very  great  number  of  languages  in- 
dependent of  one  another.    What  increases  their  number  is 

*  LichtensteiD,  dans  les  Archives  ethnograpbiques,  par  Vater  et  Bertuch,  i. 
259,  sqq, 

^  B«^T0(  for  Bae^Crrcc ;  Mix^m  for  fiixxti  the  Latin  Meo,  from  the  Greek, 
Bi«,  It. 
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the  custom  adopted  by  every  new  dynasty  of  introdaciiig 

^^xrix.  a  new  language.     Thus,  the  TouUec,  the  tfuoKtec  and 

_  the  Ji%tec   languages  hav6  been   successively  current  in 

and  Aztec  Moxico.    Theso  languages,  in  which  a  laborious  search  has 

uoguages.  j^^  ^^^  f^P  ^^^^  g|lg]^^  aflbiities  to  the  Mongolic  dialect, 

are  extremely  complicated  both  in  their  etymology  and  flieir 

syntax. 

iroQuoii,        The  Cherokeef  Iroquois,  and  Jllgonqmnf  or  Hnron,  appsar 

i^onquin,  ^  y^^  ^^  ^^^  widely  extended  of  those  that  are  spoken 

between  Hudson's  Bay  and  the  Ghilf  of  Mexico :  they  are 

poor  and  plain.    The  Esquimaux  or  Greenland  tongue. 

Which  is  current  over  all  the  polar  region,  presents  an  odd 

fimtastic  structure^' from  the  joining  together  of  many  simple 

lirords  and  even  parts  of  discourse  in  one  single  woid  €t  im- 

Caribbte.  moderate  length.    In  South  America,  the  Cariibee  or  OdSk- 

hee,  a  sonorous  language,  prevails  to  the  north  of  the  river 

of  the  Amazons,  as  it  did  formerly  in  the  little  Antilles. 

Several  ancient  languages,  regular  in  their  compositiQiiyhave 

disappeared  in  New  Grenada,  Quito,  and  Peru ;  hot  the  fine 

Language  linguage  invented  by  the  Tncas,  the  ^mchuOf  remaina  in 

cm/   °'  general  use  even  amongst  the  Spaniards*    The  Ghuanm 

Ouanrao.    language  is  so  prevalent  in  Brazil  and  Paraguay,  that  the 

Spaniards  and  Poi*tuguese,  even  in  several  of  the  towns, 

speak  no  other.    DiflTerent  dialects,  little  known,  exist  in 

Chili  and  in  Patagonia.    The  Pecherais,  in  Terra  dd  Faego» 

have  a  dialect  peculiar  to  themselves. 

These  are  the  principal  languages  spoken  by  the  human 
race.  How  wide  the  distance  in  this  scale  between  the  dia- 
lect of  the  Negro  and  the  Chinese,  who  scarcely  distinguish 
the  singular  from  the  plural,  to  the  Greek  language,  in 
Which  the  most  tender  and  the  most  profound  thoughts  can 
be  fully  developed,  and  permanently  fixed  !  There  are  lan- 
guages which  have  no  expression  for  objects  which  are  not 
perceived  by  the  external  senses,  such  as  the  soul,  or  Grod. 
There  are  some  which  have  no  term  equivalent  to  the  verb 
to  be,  or  the  substantive  world.  But  if  metaphysical  know- 
ledge appears  to  be  denied  to  the  great  majority  of  the  hu- 
man race,  all  nations,  even  the  most  savage,  believe  in  the 
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existence  of  some  invisible  beings  possessed  of  power  siipe-   BOMl 
rior  to  man.    The  various  manners  in  which  nations  rnani-  *xnft 
fest  this  sentiment,  constitute  so  many  different  religunM'^     , 
the  external  acts  which  are  tlie  result  of  such  religious  b»*  andwof^ 
liefy  form  modes  of  worship.  "'"P* 

The  name  of  FoUitbasm  is  given  to  every  system  of  re* 
ligion  which  admits  the  existence  of  several  gods,  whaterer 
be  the  nature  and  dignity  which  it  assigns  to  them.  Of 
this  there  are  several  kinds.  The  grossest  of  all  is  Fetir  F«Uchiim. 
ckitmf  or  the  adoration  of  Fetich.  By  Fetichef  *  is  nnderw 
stood  all  sorts  of  animated  or  inanimate  substances,  wUcii 
the  priests  of  these  religions  hold  out  to  the  savages  WB 
beings  that  are  enchanted  or  endowed  with  some  magieal 
and  divine  power.  These  absurd  superstitions  prevaO 
amongst  the  ignorant  nations  of  the  coast  of  Ghiinea»  and 
amongst  a  great  many  other  savages.  They  are  blettde< 
with  a  variety  of  other  religions.  The  Ox  Jipia,  the  Bog 
^mbis,  were  perhaps  the  Fetiches  of  the  Egyptians*!  ^^ 
black  stone  worshipped  at  Mecca  before  Mahomed  and  the 
god  Phallic  of  the  Romans,  were  undoubtedly  of  the  saiM 
number. 

8abmm  holds  a  more  elevated  rank,  that  is  tosay^  the^abdMi* 
worship  of  the  heavenly  bodies,  the  sun,  the  moon,  and  the 
stars,  either  separately,  or  altogether.  This  very  ancient 
system,  spread  over  the  whole  extent  of  the  globe,  is  bknd* 
ed  with  all  the  other  systems  of  superstition.  But  it  no 
longer  exists  entirely  pure,  except  amongst  some  insulated 
tribes.  It  has  its  name  from  the  Sabeans,  or  Sabians,  an 
ancient  people  of  Arabia. 

Three  hypotheses  have  been  formed  as  to  the  nature  of 
the  universe;  materialismy  or  pantheMmf  which  supposes Paathtimi. 
that  every  thing  which  exists  is  penetrated  with  a  divine  £^^^|||]^ 
spirit;  Dualuntf  which  admits  the  existence  of  two  eternal 
beings,  Grod  and  matter,  or  the  good  and  bad  principle ;  and 
the  system  of  the  l^manisUf  which  represents  all  beings^ 

*  A  word  which  comes  from  the  Portueguese  word  Fttiuo. 
t  DebroBses  du  Culte  des  Dieux  Fetiches,  ou  paralMle  de  rancienne  religioo 
<^'Egypte,  &c.  1760. 
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BOOK    the  good  and  the  bad  spirits,  as  having  emanated  fipom  a 
xxni.  snpreme  GkHl,* 

'^"^^""^     Pantheism,  modified  by  the  institutions  of  parttcular  na* 
tions,  and  blending  itself  with  Sabeism,  became  systematic 
Poiythe-    or  mythological  Pdythdsnu     Under  this  name  may  be 
'""'         classed  all  those  schemes  of  religious  betiei^  in  which  tiie 
attributes  of  the  Deity  are  personified  as  separate  divine 
beings*    These  systems  then,  are  barbaroos  and  irrattonaL 
They  are,  however,  well  suited  for  poetry  and  the  fine  arts, 
and  have  been  received  amongst  the  most  civilized  nations 
of  antiquity.    They  are  of  several  kinds,  very  different  from 
each  other,  but  reducible  to  three  classes.    The  most  gross 
EforpUan   IS  the  religion  of  the  EgyptianSf  in  which  the  attributes  of 
Umf  ^r    ^^  divinity  were  represented  under  the  figure  of  animals, 
Zoomor-    which  may  perhaps  account  for  their  hieroglyphic  writiBg* 
puMou      ^1^  ^^^  1^  termed  ccoomorphisnu    In  the  religion  of  the 
Greeks  and  Romans,  human  nature,  exalted  however,  and 
embellished,  served  as  a  model  for  (divers  personifications 
of  the  Deity.     This  then,  was  anthropomorphismf  wbidi 
was  varied  to  infinity.    The  worship  of  national  heroes 
Grecian     o^odified  the  polytheism  of  the  Greeks  and  Romans.    Yene- 
Poiythe-  ^  ration  for  the  dead,  a  very  natural  sentiment,  mingled  witt 
^mor-'^All  religions;  but  of  some  it  appears  to  have  formed  the 
l^""-      chief  part    This  was  the  case  with  the  Cdih  whom,  Cnr 
other  reasons,  we  number  with  the  Polytheists.    Amongst 
other  nations,  such  as  the  Syrians,  the  Chaldeans,  and  the 
Phenicians,  the  worship  of  the  stars  and  the  physical  ener- 
gies of  the  earth,  appear  to  have  predominated. 
Polytheism     In  the  religion  of  the  Bramins^  the  Supreme  B^ng  is 
ni!^  or^'  ^^PP<>>9^  to  be  disguised  under  dilTerent  forms,  divine^  ha- 
Tiieomor.  man,  and  animal.    We  think  that  this  belief  might  be  cob- 
P*"^*      sidered  as  the  source  of  all  the  others,  even  of  FeticlusD; 
but  it  might  be  efually  asserted  that  the  religion  of  the 
Bramins  is  merely  ennobled  Fetichism.      Theomarphismf 
the  religion  of  the  Hindoos,  is  the  best  supported  of  all  ths 
ancient  systems  of  worship;  it  still  exists.    Two  of  its 

^  Cudworth,  Intellect.  System,  chap.  i.  iii.    DupuiS|  origtoe  de»  Cultes. 
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branches  prevail  in  the  North  and  East  of  Asia.    The  one    book 
is  SAamanisnif  the  head  of  which  is  the  Dalai  Lama,  a  <^m* 
priest  who  is  supposed  never  to  die.    This  religion^  mixed  — — 
with  Fetlchism,  is  spread  over  Tartary,  Mongolia,  andnUm"*' 
Siberia ;  the  other  branch  is  Buddismf  or  the  Braminie  sys-*  Buddism. 
tem  reformed  by  Bndda,  named  also  Somonocodom :  It  is 
established  amongst  the  Bramins  in  Siam  and  in  Ceylon. 
The  ancient  religion  of  Japan  is  a  kind  of  Schamanism, 
from  whence  has  arisen  the  religion  of  Fo,  which  is  that  of 
the  multitude  in  China,  and  which  is  only  a  degenerate 
branch  of  that  of  Budda;  the  priests  are  called  Banxes* 

The  system  of  two  opposite  principles,  and  that  of  ema«* 
nations,  must  naturally  run  into  each  other,  whenever  the 
Bualists  grant  the  least  superiority  to  one  of  ttieir  princi* 
pies,  or  the  Emanists  admit  the  possibility  of  a  revolt  against 
the  Supreme  Being.    This  is  the  reason  why  the  religions 
derived  from  these  two  sources  are  scarcely  distinguished 
from  each  other.    They  belong  altogether  to  Mmotheismf  Monothe- 
if  we  agree  to  apply  that  name  to  every  religion  which  re*  "*"" 
cognises  only  one  true  Qod,  whatever  may  be  the  crowd  of 
spirits,   fairies,  angels,  and  devils,  which  surround  him. 
There  are  three  ancient  religious  systems  which  have  for 
their  basis  a  dualism  more  or  less  avowed.    The  first  is  the 
Higion  of  the  Magi,  or  of  Zoroaster,  denominated  also  ReUgfon  of 
MUhfiatie  worship.  There  is  a  Supreme  Being,  from  whom  *^*  ^**'* ' 
emanated  two  principles,  the  one  good,  Oromastese,  the  otiier 
bad,  Arimanes — ^they  fight  with  each  other;  but  the  good 
^U  finally  obtain  a  complete  victory.    This  belief,  which 
has  been  disfigured  by  the  Greek  historians,*  is  still  preserv- 
ed amongst  tiie  Parses,  or  Guebres  in  Hindostan. 

The  andent  religion  of  the  Sclavonian  nations  is  less  fuiuion  of 
known.  Biel-bog,  the  white  god,  and  Czemo-bog,  the  black  JJan..'*'''^ 
t^9  appear  in  it  as  two  antagonist  powers.    Some  authentic 
I'ocords  give  us  an  idea  of  Odinismf  which  prevailed  in  Scan-  Odiniitn.  > 
dinavia ;  Odin,  the  chief  of  the  good  gods ;  Surtur,  the  prin- 
ciple of  physical  evil,  the  destroyer  of  the  world ;  Lok,  the 

*  See  the  article  Persia. 
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principle  of  moral  evil,  and  all  the  otter  gods,  are  in  a  ibria 
^^^^  of  dependence  upon  Alfader,  or  the  uniretsal  Father.* 

**'**'*^  Through  so  many  ingenious  errors^  or  fanciful  and  ak- 
snrd  dreams,  celestial  truth  was  opening  up  in  ayenoe  flw 
right  path.  An  ohscure  and  inconsiderable  nation  acfcasw- 
Mged  the  ahsolnte  unity  of  the  divinity  as  flie  hasu  •( 

Judaiiai.  their  religious  faith.  JiidatMif  some  <rf  whose  ritm  aid 
osreDionies  resemble  those  of  the  Perrian  Magi,  and  of 
the  Egyptian  Priests,  is  now  divided  isto  two  princi- 
pal sects— namely,  that  of  the  Karwtes,  ^Am  aduiowleip 
as  divine  only  the  hooks  of  the  Old  Testament;  and  thit 
of  the  Rabbinists,  who  attribute  an  autfaerity  abnest  di- 
Tine  to  the  coUectiom  known  under  tlie  name  of  the  Til- 
■lud. 

ChmaanU     CMflioni^y,  for  the  introduction  of  which  the  Jewish 

*^*  scrlptares  and  the  Jewish  polity  paved  the  way,  q^rag 

np  in^the  bosom  of  Judaism,  and  although  in  oonsefamn 
of  oornyting  its  pure  doctrines,  by  nmgliog  with  thontiM 
principles  of  tiie  Platonic  phikM^hiy,  and  enonadieriiig  ib 
Ibw  and  simple  rites  by  the  inventions  of  human  fiucyi  it 
became  soon  divided  into  an  infinity  of  aeeta  andsystosuy  it 
B0W  sheds  its  benignant  and  liberal  iniuenoe  over  theBMt 
eiviliaBed  countries,  and  in  all  qnartars  of  Iko  worM.t 

«tetk  The  Greek  or  Eastern  Church,  which  was  most  orthodox 

^'^^-  In  the  fifth  and  six  centuries,  is  tobraled  in  TinkVi 
countenanced  in  Hungary,  Sdavomn^  DidmAtia»  iad  os- 
tabHriied  by  law  in  Bnssia.  Amongst  its  variooahmicta 
wo  may  distinguish  the  JVbtAmims  in  Toitoy  in  AM»fb» 
at  one  t^me  were  very  nmnerons  in  Taitety,  ia  MongolM^ 
and  even  in  China ;  and  tim  Mtno^fsUm,  who  eomprnhni 
the  Copts  in  Egypt,  and  the  Awneninns  amUnoDhito  in 
Abysslnlik 

Latin  The  Latin  or  Western  Ohimeh  is  divided  into  tuo  gmt 

cimwA,    parties. 

t  BrereWood,  Recherches  lur  la  di?ersiti  des  Ungues  et  des  religioos,  traJ. 
de  TangitiB  par  La  Montagne.     Paris,  1640. 
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The  Cathelie,  Apostolic  m  Romiah  Clrardi,  compiidieAdi   bmk 
wHhiii  its  pale,  the  grealer  part  of  FraiK^ey  Italy^  Sput^  txnv 

t&gtif  Aastria,  the  extensive  Spanish  and  PortngaeBe  Cob*  ^^ 
mm  \m  America,  Africa,  and  Asia,  and  tfaree-lbiirthB  of  tiM  dm. 
population  of  Ireland.  The  Pope  is  the  spiritual  head.  Hie 
Oalfican  Chnrch  is  distinguished  by  pririleges  pecoKar  ta 
ilself,  which  oppose  an  inyincible  barrier  to  the  usurpatioins 
of  flie  Pope.  The  United  Greeks,  who  forsook  the  oommu- 
nion  of  the  Oriental  Greek  Church,  form  an  inconsideraUe 
appendage  to  the  Catholic  Church. 

The  Prote$tant  Churches  are  divided  mto  three  branch-  Protesunt- 
es :  Lidheramsvih  or  the  Evangelicid  Chnrch,  is  supported  ""'* 
by  the  state  in  England,  Prussia,  Saxony,  Hanover,  Den- 
mark, Norway,  Sweden,  and  Livonia ;  Coftiaism,  or  the 
reformed  Church,  is  most  prevalent  in  Switzerland,  in  some 
countries  of  Germany,  and  in  Holland ;  it  is  the  established 
religion  in  Scotland,  under  the  name  of  the  Presbyterian 
Church.  We  may  identify  with  the  reformed  church,  the 
hdependeniSf  or  Congregatumaluti,  who  are  so  nmaerous 
la  the  United  States  that  they  have  more  thail  1000  con- 
gregations. The  English,  of  Episcopal  Church,  is  dis- 
Ungnished  from  the  other  Protestant  denominations  mere- 
ly by  its  maintaining  the  ofder  of  tiie  episcopal  hierarchy. 
It  is  the  established  religion  in  England ;  and  in  Ireland, 
aKbough  the  faith  of  the  minority,  it  is  upheld  by  the 
strong  hand  of  power.  Without  advocating  any  system  of 
intolerance,  or  wishing  to  insult  men  ^ititled  to  respect,  we 
rimtt  here  give  the  name  of  sect  to  ev^y  relig^us  party 
who  have  not  become  in  any  place  sufficiently  numerous  to 
have  tteir  tenets  embraced  and  patronised  by  the  state. 
The  principal  Christian  sects  are :  The  UnitarianSf  aooM" 
OMs,  or  AnUtrinUartanSf  whose  opinions  are  protected  in 
Transylvania  and  in  Russian  Poland :  a  very  great  number 
of  Gatholks,  of  Lutherans,  and  Calvinists,  are  secretly  at-^ 
tached  to  this  system  j— *the  Jirminians,  or  Remonstrants,  a 
piAtf  which  sprung  up  in  Holland,  and  who  differ  from  the 
Calrislsts  in  t!ie  opinions  which  they  hold  concertttny  Hie 
doctrines  comme^y  called  the  five  points;-— the  JiSpniw- 
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BOOK  nUe$9  at  first  known  by  the  name  ai  Anabaptists,  and  £8- 
^"^'*  graced  on  account  of  their  fanaticismal  excesses,  bat  now 

"""""""""^  the  most  peaceable  of  all  the  sects ; — ^the  BapHiis,  a  nomer- 
ons  parfy  in  America,  where  they  occupy  868  chorches. 
They  resemble  the  Anabaptists,  and  may  be  termed  modem 
Anabaptists  f-4he  United  Moravian  Brethrefh  or  Hem- 
^  hatters,  a  sort  ci  monastic  institution,  who,  in  other  respects 
adopt  the  tenets  of  Lutheranism,  and  who  carry  togeAer 
the  blessings  of  religion  and  the  useful  arts  into  the  remot- 
est and  most  savage  tribes; — ^tbe  ^uoJkers,  or  Tremblers, 
benevolent  enthusiasts,  numerous  both  in  America  and 
England; — ^the  Bhakers^  the  DunkerSf  and  other  associa- 
tions similar  to  the  Quakers; — the  Swedtnborgiam,  or 
followers  of  the  Baron  Swedenborg,  a  sect  of  mystics  to  be 
met  with  in  Sweden  and  England ; — ^lastly,  the  MUhodistSf 
who  are  distinguished  by  an  extreme  method  or  strictness  in 
morals,  are  very  numerous  in  England,  and  still  m(MV  so  in 
the  United  States.  Christianity,  besides  all  the  enemies 
which  have  sprung  from  its  bosom,  has  seen  arise  close  by 
its  side  a  rival  at  first  dangerous,  and  still  tronblesome,  ia 

Mahomet-  JddhometUm,  or,  according  to  the  manner  in  which  Mabo- 

'""'  metans  themselves  speak  of  it,  lalamum,  that  is  the  Ortbo- 
dox  church*  This  religion  is  merely  a  confused  mixture  of 
Judaism  and  Christianity,  with  some  poetical  omameDts. 
The  Mahometan  creed  prevails  in  the  greater  part  of  Asia 
and  Africa,  as  well  as  in  Turkey  in  Europe,  and  it  is  tole- 
rated in  Russia.    Mahometism  comprehends  several  sects. 

Sunoites.  The  Sunmidf  although  divided  with  regard  to  discipline 
into  four  parties,  agree  in  reckoning  tiie  book  of  traditiona» 
or  the  Sunna,  in  the  number  of  their  sacred  writings,  >od 
in  considering  Omar  and  his  successors  as  the  Iq^timate 
Califii.  This  party  is  the  most  numerous :  the  Turks  be- 
long to  it 

Schiitei.  The  name  of  Schutes  means  Separatists.  The  Sunnites 
give  it  to  all  those  who  differ  from  them ;  they  reckon  six 
classes,  each  split  into  twelve  subdivisions,  which  make  7i 
heretical  sects ;  for  the  Turks  have  thought,  like  Bossnet, 
that  the  multiplicity  of  heretics  furnishes  a  plausible  objec- 


POLITICAL  GBOOBAPHT.  581 

tion  to  their  doctrines.     But  in  tmth,  there  is  only  one    book 
considerable  party  amongst  the  Schiites,  that  of  the  follow-  xxiii. 
era  of  Ali,  who  reject  the  Sanna :  their  creed  is  dominant      " 
in  Persia. 

It  is  difficult  to  speak  with  precision  as  to  the  number  of 
followers  belonging  to  each  religion  actually  existing  in  the 
world — a  misplaced  zeal  leads  the  different  parties  to  ex- 
aggerate their  numbers,  as  if  there  were  no  truth  in  Seneca's  J^^?^'  ^ 
observation^  that   a  great  majority  often  indicates  a  bad  of  each  tc- 
cause.*    Infidel  writers  in  particular,  have  thought  they^s"®"* 
were  rendering  an  important  service  to  their  cause,  by  ridi- 
colously  exaggerating  the  numbers  of  Mahometans  and 
Pagans,  not  considering  that  truth  will  be  always  truth, 
whether  it  be  believed  by  many  or  by  few. 

The  following  numbers  may  be  regarded  as  nearly  ap- 
proaching the  truth : 

^^^      1  ?af of Kopeir^"'"-   I      "«--"»-• 

Ue  Greek  Churchy 70 

The  Protestant  Churches^  i'C 42 

Total  of  Christiafu^  ...  228  millions. 

JudcBism^ 4  to  5 

Mahometism^ 100  110 

Braminism^ 60 

Sehamanism,  or  the  religion  of  Dalai  Lama,  •     .  50 

Buddinn^  comprising  the  religion  of  Fo,  Uc,  .    .  100 

Fetichismj  and  various  other  beliefs,      ....  100 

Languages  and  religious  creeds  are  the  ties  of  moral 
society,  which  often  survive  the  fall  of  civil  and  political 
sodety ;  but  it  is  the  latter  which  determines  the  bounda- 
ries of  states  and  empires,  which  it  is  the^province  of  poli- 
tical geography  to  describe.  We  must  then  take  a  general 
view  of  the  varied  forms  of  this  society. 

The  ties  which  unite  husband   and  wife,  parents  and  Domestic 
children,  formed  the  family  or  domestic  society.    The  re-*°"**^' 
lation  of  master  and  servant  had  its  origin  when  society 

*  Argumentum  pesslmi,  turba. 
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900K    was  ill  this  state.    The  weak  not  being  ahle  to  assert  tkir 
Vnth  rights,  or  procure  the  means  of  subsistence,  most  hare  son 

resolved  to  claim  the  protection  of  the  strong.    Those  ft- 

milies  that  happened  to  live  in  the  same  neighboorhood, 
would,  after  quarreling  for  a  while,  at  last  agree  to  live  in 
liannony  together.  Certain  rules  would  be  established 
amongst  them,  not  yet  to  be  considered  as  laws,  bat  as 
customs.  The  union  of  these  families  did  not  fimn  a  statB, 
CivUsoci*- but  only  a  civil  society.  These  small  societies  most  soon 
'^*  have  perceived  that  their  customs  and  observances  required 

to  be  fixed,  and  to  be  invested  with  the  character  of  lawa 
Men  of  superior  natural  capacity  became  the  unlettered 
lawgivers  of  these  hamlets  or  villages.    As  soon  as  tin  va- 
rious relations  in  which  men  stood  to  each  other  were  Issd 
hy  laws,  political  society  commenced. 
PoijHcai        But  this  was  a  society  without  govemmmty  and  soon  be* 
'**^'*^^*      came  a  prey  to  the  evils  of  anarchy.    Experience  of  these 
evils  taught  men  that  a  physical  force  is  indispensably  re* 
quisite  to  support  the  laws,  which  of  themselves  have  a  force 
purely  moral.    A  government  is  thus  established  under 
some  form  or  other.    The  convention  which  fixes  tiie  on* 
ginal  laws  of  civil  society,  is  called  the  social  compact; 
tliat  which  fixes  the  existence  of  the  form  of  a  govenuoentf 
and  adjusts  the  circumstances  connected  with  it^  is  called 
statei  or    the  constitution.    By  this  last  convontion,  civil  aociefy  ii 
npubiict.  ^,|sjjf;Qted  a  state,  or,  if  tiie  term  is  more  agreeable^  a  re- 
public ;  for  this  last  word,  derived  from  tiie  Latin,  origi* 
nally  signifies  every  civil  society  having  a  govemmeat 
and  laws,  without  reference  to  the  form. 

A  government  is  the  union  of  physical  force  established 
Iqr  the  will  of  civil  society  to  maintain  the  laws  and  the 
constitution.  The  foi*ce  of  the  government,  regulated  by 
Suprcmt  the  established  laws,  is  called  the  supreme  power*  Ik 
supreme  power  may  be  divided  into  diiSerent  branches,  asr 
for  example,  the  legislative  power,  subdivisible  into  the  pra^ 
.  poainfj^  the  deliberating,  and  the  decerning  power ;  the  ex- 
ecutive power  subdivisible  into  the  administrative,  the  ju- 
dicial, the  military,  and  the  power  of  sopreme  inspection* 
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Higm  diTlfiioiis  ar6  ^airily  arbitrftiy.  The  manner  in  which  book 
the  sopreme  pow^r  is  ol'gflnised^  subdivided,  and  concen-  xxiii. 
MM,  is  called  the  form  of  govemment     The  sapreme  " 

p«rw^  represents  the  national  sovereignty,  which  is  nothing 
bat  the  sopMme  power  not  organised,  existing  iii  the  hands 
of  a  civil  society  without  government 

FMms  of  govemihent  are  innumerable ;  but  we  shall  point  Fo™*  of 
out  those  most  generally  known,  by  advancing  from  the^em?^ 
state  of  tlie  greatest  physical  dissemination  of  powers,  to 
ikat  of  their  greatest  concentration.    These  two  extremes 
approach  each  other  more  nearly  than  is  imagined. 

Pure  democracy  exists  in  that  state  in  which  the  supreme  Democra- 
power  is  immediately  exercised  by  the  majority  of  the  na-  ^^' 
tion :  this  form  of  government  differs  from  the  state  of  pri- 
mitive civil  society,  in  which  all  equally  role.  Commisso- 
rial  democracy  is  a  state  in  which  the  supreme  power  is 
exercised  by  a  council  immediately  chosen  from  the  people, 
revocable,  and  responsible.  Such  functionaries  are  not  then 
flie  representatives  of  the  nation,  but  merely  its  proxies  and 
commissioners.  We  term  a  representative  democracy  that 
state  in  which  the  supreme  power  is  exercised  by  magis- 
trates, chosen  by  the  people,  who  represent  them,  and  who, 
consequently,  taken  collectively,  are  sovereign  and  not  res- 
ponsible. This  form  is  subdivided  into  a  pure  representa- 
tive democracy,  when  the  people  themselves  directly  choose 
llhdr  representatives — ^and  into  a  representative  electoral 
democracy,  where  the  people  choose  electoral  bodies,  who 
again  elect  the  representatives.* 

Elective  aristocracy  resembles  representative  democracy.  Aristocra- 
h  is  when  the  people,  either  mediately  or  intermediately,  ^^' 
choose  their  magistrates,  not  indifferently  from  among  the 
citizens,  but  from  a  certain  class  determined  by  law.  Elec- 
ttt«  aristocracy  is  pure  or  free,  when  the  people  have  cre- 
ated the  privileged  class,  or  the  aristocratic  body, — ^when 
admission  into  that  body  is  open  to  all  citizens, — ^when  the 
Bi^embers  of  this  body  are  amenable  to  the  supreme  power 
itr  the  hands  of  the  people.  Simple  or  pure  aristocracy  is^ 
^hen  Hie  people  have  chosen  once  for  all,  as  their  pleni- 
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BOOK  potentiary  reprefientntiyefl,  a  body  which  goveniB,  and  which 
XXIII.  is  renewed  withoot  the  concurrence  of  the  people.  Bvery 
""""""  form  of  governmentt  compounded  of  thoae  which  we  h&ve 
just  named,  is  called  an  aristo-democracy.  When  the  i 
tocratic  party  seem  predominant,  we  have  a  temperate 
tocracy,  when  the  democratical,  we  have  a  temperate  demo- 
cracy. Rome,  after  the  expubion  of  the  Tarquins,  was  an 
hereditary  oligarchical  aristocracy,  which  gradually  chang- 
ed into  an  aristo-democracy,  composed  of  all  the  other  kinds. 
The  Patricians  were  the  hereditary  aristocratic  hody ;  the 
senate  an  elective  free  aristocracy ;  the  assendilies-  of  the 
people  represented  the  democracy. 
i>emocra-  \  democratic  monarchy  is  a  democracy  in  which  the  sa- 
chy.  preme  power  is  partly  exercised  by  an  individual  and  part- 
ly by  a  democratic  body.  As  the  supreme  power  may  be 
variously  divided,  it  is  impossible  to  ascertain  the  number 
of  the  diflTerent  kinds  of  democratical  monarchies.  It  may 
be  hereditary,  when  the  nation  has  chosen  a  certain  family, 
or  elective,  when  at  each  vacancy  a  monarch  is  chosen. 
The  right  of  election  may  be  vested  in  the  people,  in  an 
electoral  body,  in  a  single  elector*  These  variations  are 
common  to  other  kinds  of  monarchy.  The  legislative  povrer 
may  bo  divided  between  the  commissioners  of  the  people 
and  the  monarch,  or  it  may  belong  to  the  former ,only.  The 
judicial  and  military  powers  may  be  dependent  upon  the 
monarch,  or  upon  the  body  of  the  nation.  The  democratic 
body  itself  may  be  chosen  without  or  with  the  concurrence 
of  the  monarch.  ^ 

Aristocra-  Aristocratical  monarchy  is  a  state  in  which  the  sapreme 
narchy.  power  is  jointly  shared  by  the  monarch  and  the  aristocracy. 
This  latter  body  may  be  a  free  elective  aristocracy,  when 
an  assembly  of  representatives  chosen  by  the  people  from 
the  council  of  the  monarch ;  an  elective  hereditary  aristo- 
cracy  chosen  by  the  people,  or  by  the  monarch,  or  by  both 
conjointly ;  or  lastly,  a  pure  and  perpetual  aristocracy,  inde- 
pendent alike  of  the  people  and  the  sovereign.  Such  were 
the  nobility  in  the  most  European  states  before  the  pre- 
6ei|t  epocl).    The  aristo-democratic  monsu*chy  is  a  govern- 
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meat  composed  of  a  monarch,  of  an  aristocratic  bod  j,  and    bmk 
of  a  democratic  body.    By  a  mixed  government  is  generally  xziii; 
miderstood  a  monarchy  of  this  description.    The  diflbrent  ——*'*'-* 
combinations  of  this  form  are  so  multiplied  that  it  is  im- 
possible to  class  them. 

A  pure  or  absolute  monarchy  is  a  state  in  which  the  su-  Abwiate 
preme  power  is  entirely  confided  to  one  individual,  or,  in  ^<>°^'<^y* 
other  words,  a  state  in  which  the  majority  of  the  nation  ia 
represented  by  a  single  individual.  Absolute  monarchy 
diSers  from  despotism  in  this,  that  the  monarch  holds  his 
power  of  the  nation,  either  by  expressed  or  tacit  consent; 
the  despot,  on  the  contrary,  pretends  to  hold  his  power 
from  God,  and  from  his  own  sword.  The  dictatorship  was 
a  kind  of  absolute  monarchy,  elective  and  temporary,  in  the 
Roman  republic. 

The  word  anarchy  literally  means  the  absence  of  a  go-  Anarchy. 
yemment  Taking  the  word  government  in  its  true  and 
literal  signification,  it  is  evident  that  anarchy  may  arise  ia 
two  ways:  1st,  from  the  non-existence  of  any  supreme 
power  in  civil  society ;  £d,  from  the  preponderance  of  un-> 
constitutional  power,  exercised  in  an  arbitrary  manner  and 
without  the  form  of  a  government  Anarchy  may  be  mof 
dified  in  a  thousand  ways.  The  following  are  the  forms  of 
it  which  appear  to  be  most  worthy  of  being  defined. 

Ochlocracy,  or  popular  anarchy,  takes  place  when  a  mob  Ochiocia- 
or  a  multitude  unlawfully  usurp  a  supreme  power.    Ac-^^* 
cording  to  this  definition,  even  the  majority,  when  they  are 
not  legally  constituted  sovereign,  can  exercise  only  anar- 
chical power.    Oligarchy  occurs  when  a  small  number  ofoiigarchy. 
individuals  or  families  exercise  the  supreme  power  without 
haying  been  chosen  by  the  constitutional  sovereign.    It  dif- 
fers then  from  pure  aristocracy.    Demagogy  is  when  one  Demagogy. 
or  several  individuals,  without  legal  appointment,  lead  and 
manage  the  p^ple  at  their  will,  actually  exercising  the 
power  which  they  seem  to  leave  in  the  hands  of  the  multi- 
tude.   The  word  tyrant  signified  originally  chief  or  po- 
uarch.    Virgil  employs  it  more  than  once  in  this  honour- 
able sense,  but  it  was  afterwards  limited,  to  denote  him  wbo^si 


»—»   itt  •  repnbltCy  had  vMrped  the  power  of  an  abaohrte 
onii  nsrch.    Thla  Is  the  ordinary  sense  of  the  term  in  the  Greek 

*""""**  and  Roman  authors.  The  modems  use  the  term  to  expreaa 
Tiolent  and  cruel  abuses  of  authority  in  1^1  kinds  of  govern- 
ment 

iNHpertwi  Despotism  has  been  confounded^  someHmes  with  tyrannyt 
Mtnettmes  with  absolute  monarchy.  Despotism  is  absolute 
f^^mstf  which  is  not  derived  from  a  lawful  source,  and  whidi 
consequently  acknowledges  no  limits.  The  despot  pretends 
to  be  mMter  of  his  country  and  of  his  subjects,  just  as  a 
prtvale  person  is  proprietor  of  his  estate  or  his  cattle.  Des- 
potism is  not  necessarily  tyrannical,  or  cruel  and  violettt — 
it  is  not  absolutely  incompatible  with  some  administraitiTe 
ftrms^  and  some  institutions  which  properly  belong  to  regu- 
lar States,  or  even  to  Republics. 

It  Would  be  improper  to  class  with  these  forms  of  govern- 
mmt,  or  of  anarchy,  created  by  man,  the  singular  ^tate 

nMemcsr.  termed  theocracy.  ^It  is,^  say  the  Theologians,  ^  a  go- 
^vemnent  Instituted  by  God  himself,  and  in  which  the  ma- 
^  l^trates  govern  in  the  name  of  God.'*  Such  was  the  oon- 
Mtatlon  of  the  Jewish  people*— with  them  theocracy  was 
Mited  first  to  democracy,  and  then  to  monarchy.  The 
l^opes^  in  the  dark  and  middle  ages(,  attempted  to  establish 
a  theocracy  upon  a  great  scale. 

ridntl         We  have  still  to  notice  the  federal  systems,  which  are  the 

^^•*^*  mtions  of  several  independent  States,  under  a  superior  au- 
tflority  chosen  by  themselves,  and  which  are  invested  wi0i 
powers  more  or  less  extensive,  to  maintain  mutual  order, 
ttd  te  ftimish  the  means  of  defence  against  external  ene- 
Htfies;.  We  may  term  a  confederation,  of  which  all  the  con- 
aflteent  members  are  on  a  footing  of  equality,  a  democracy 
df  Stetes :  Such  is  that  of  America.  There  have  been,  how- 
•ver^  eonlMerations  with  a  chief  or  presiding  power:  The 
iMe  Germanic  empire  was  of  this  nature.  Confederations 
aomntlmes  have  subjects  in  common :  The  Swiss  had  seve- 
ral districts  in  this  manner. 

FolitSlcd  geography  considers  in  societies  of  men,  besides 
Hfe  general  ti^  or  tte  form  of  government,  the  particalar 
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ilM  wbieb  bind  indmduftls  to  society,  and  which  iwoltfrMi 

Hw  station  assigned  to  these  individoals,  or  fti>n  their  dlvi*   xmt. 

ston  into  classes  and  orders.  — — . 

In  the  most  savage  states  insulated  man  procures  directly  oiigio  of 

for  himself  the  little  which  is  necessary  to  supply  his  wants  ^^^  <^^V^' 

or  to  gratify  his  wishes.    As  soon  as  families  begin  to  draw 

near  each  other,  they  unite  together  for  accomplishing  their 

oomnion  labonrs;  but  when  the  number  of  families  aug« 

mento»  tihe  society,  becoming  larger  and  more  powerful,  has 

recourse  to  the  division  of  labour.    The  different  producta 

of  each  branch  of  industry  are  then  reciprocally  changed. 

Theoe  exchanges  being  not  without  inconvenience,  means 

are  sought  for  to  give  them  facility  and  dispatch.    Some 

aieaeore,  to  ascertoin  the  comparative  values  of  the  diflbrent 

commodities,  is  adopted,  either  some  article  in  general  re- 

faes^  as  com  or  cattle,  or  some  reputed  precious  substence, 

Meh  as  gold  and  silver.    This  token  becomes  money :  the 

productions  become  merchandize;    and  instead  of  betng 

bartered,  they  are  purchased.    Some  sagacious  observers 

asw  perceive  that  gain  is  to  be  got  by  buying  and  selling; 

they  become  intermediate  agents  between  the  consom«ns  of 

produce  and  those  who  raise  or  work  it ;  and  here  commence 

the  iSrst  mde  attempts  of  commerce.    Ere  long,  the  admini* 

stration  of  the  affairs,  and  the  defence  of  the  territories  of 

tte  stetey  become  functions  too  laborious  and  too  complicate 

rt  to  be  gratoitously  discharged;  the  functionaries   re* 

eeive  a  salary,  and  instead  of  warriors  we  have  soldiers* 

At  the  same  time,  every  inch  of  ground  would  receive  its 

Meter;  property  of  every  kind,  after  having  passed  fh>m 

one  hand  to  another— 4:hance  favouring  some  individuals^ 

iad  address  serving  odiers — ^woold  at  last  become  fixed* 

"Aose  who  had  been  unfortunate  or  unskilfbl,  finding  the 

impossibility  of  producing  any  thing  by  their  own  efforts^ 

^'urid  let  out  thdbr  strength  or  flieir  dexterity  to  others* 

9inm  society  thus  at  last  completely  constituted,  various 

cbsses  originate. 

The  productive  class  comprehends  all  fliose  who  draw  Produttiva 
from  Ihe  earth  or  some  other  element^  any  productions  use*  ^^* 


'588  BOOK  TWElTTT-THniD. 

BOOK   fal  to  society ;  cultivators  of  the  soil,  fishennmy  yine-dreas- 
^^"''*  era,  minersy  fcc.    There  are  tribes  entirely  composed  of  one 
'""""'""^  or  more  productive  classes.    Such  are  the  pastoral  tribes, 
or  Nomades ;  the  fishermen,  or  IchthyophagL    In  civilized 
states,  there  exists  one  productive  class  of  a  peculiar  kind; 
— the  man  of  science  who  enlarges  the  empire  of  know- 
ledge, and  the  man  of  letters,  who  purifies  the  taste,  or  re- 
fines the  sentiments,  or  elevates  the  morals  and  manners  of 
the  age^  equally  contribute  to  the  production  of  true  nation- 
al riches  of  inestimable  price  and  perpetual  duration. 
Mechanic-     The  operative  class  consists  of  those  who,  by  various  pro- 
nltive^^^  cesses,  convert  raw  produce  into  artificial  produce*    When 
cUst.        such  processes  eminently  require  genius  and  taste,  they  ob- 
tain the  name  of  the  fine  arts.    When  they  chiefly  demand 
corporeal  strength  and  dexterity,  they  are  called  the  me- 
chanic arts.    A  manufactory  is  an  ^establishment  where  an 
art  is  conducted  on  a  large  scale.    The  name  of  work  seems 
to  denote  one  of  these  establishments  in  which  extensive  and 
powerful  machinery  is  employed. 
CoranMr-       The  commercial  class  is  composed  of  merchants  jirof&Aj 
ciai  ciaM.  ^  termed,  who  buy  and  sell,  either  on  a  great  or  small 
scale,  the  productions  of  nature  and  of  art ;  of  different  kinds 
of  correspondents  or  agents,  who  facilitate  the  execution  of 
purchases  and  sales;  of  bankers  and  brokers,  who  confine 
their  operations  to  the  representative  signs  of  raerchandiae; 
and,  lastly,  of  mariners  and  carriers,  in  so  far  as  these  are 
proprietors  of  their  means  of  conveyance,  and  do  not  fall 
to  be  ranked  under  the  class  of  mercoiaries. 
Clan  of        We  include  in  one  class  the  public  functionaries,  and 
puUicoffi-  ^^  officers  of  the  sea  and  land  forces.    They  are  equally 
invested  with  a  greater  or  less  proportion  of  the  force  of 
the  state;  they  are  equally  the  agents  of  the  supreme 
power. 
ciaia  of        Ttie  last  class  comprehends  the  mercenaries  of  every  kind 
BMrcena-    ^j^^  j^^  ^^  ^^j^,  J^^,Q^J.  ^  private  persons,  or  chiefly  to  flie 
conmiunity.    It  is  composed  of  labourers  and  domestics* 
This  lastclass  is  most  numerous  in  the  states  where luxniy 
prevails. 
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The  numerical  proportion  in  which  these  classes  are  met  'book 
with  in  a  state,  is  one  of  the  most  interesting  questions  of  ^^m* 
statistics.    According  to  this  proportion  it  is  that  we  decide  " 

whether  we  are  to  denominate  a  nation  agricultural  or  com- 
merciaL 

Classes  have  their  foundation  in  the  very  nature  of  socio-  Caatei. 
ty  itself,  but  castes  and  orders  are  created  by  laws  and  con- 
stitutions. By  the  word  caste  is  understood  an  hereditary 
class,  exclusively  assigned  to  one  species  of  occupation.  This 
system  of  division  existed  in  Persia,  Arabia  Felix,  and  Egypty 
and  it  still  exists  in  India.  It  is  accounted  for  in  a  sattisfac- 
tory  manner,  by  referring  to  the  original  difference  of  the 
primitive  tribes,  whose  union  formed  the  nation.  The  caste 
of  priests  and  that  of  warriors,  in  Egypt,  Were  probably  two 
clans  somewhat  organized  and  disciplined,  which  had  redu- 
ced to  a  state  of  subjection  several  tribes  of  husbandmen  and 
shepherds.  The  conqueror  disdained  to  intermingle  with 
the  vanquished;  and  the  laws  afterwards  sanctioned  and 
perpetuated  a  system  of  separation  which  accident  bad  ori- 
ginally established.* 

The  political  orders  in  the  states  of  Europe  differ  essen-  g'^^"  ^ 
tially  from  the  castes,  in  this,  that  they  have  no  occupation 
which  is  exclusively  reserved  for  them,  or  if  they  have  it^ 
like  the  clergy,  it  is  not  hereditary.  In  the  middle  ages> 
when  the  armies  consisted  of  cavalry,  the  order  of  the 
nobility  partook  much  of  the  nature  of  a  caste.  The  nobles 
now  are  merely  an  order  of  the  state.  The  citizens,  com- 
monalty, or  third  order,  and  the  peasants,  form,  in  some 
states,  orders  recognized  by  the  constitution.  In  Sweden,  the 
order  of  peasants  possesses  much  influence.  The  same  was 
the  case  in  the  Tyrol  before  the  late  events.  There  are  still, 
however,  some  countries,  particularly  Russia,  where  the  hus- 
bandmen, subjected  to  the  yoke  of  personal  slavery,  form  a 
1*^1  caste,  condemned  to  a  state  of  abject  and  perpetual  de- 
gradation. 

•  Compare  Heeren,  Views  of  the  Politics  and  Trade  of  the  Ancients.    (In 
^^erman.) 


MO 


In  deqMlk  sttlM^  as  in  Turkey  and  in  CUnrn,  tiiope  are 
»»>>-  ttoarder^ 

~"  Slavery  rendm  all  radhridaabi  eqnaL    In  Europe^  it  ia 

the  ^e$pritii  anp$/*  the  corporathm  or  pffofeaaMmal  spirit 
of  the  orders  of  the  state, — ^it  is  the  equilibriam  roBolliag 
frtn  tlieir  varioiiB  prerogatives  and  intaresti,  contoBdiDg 
with  eadi  other,  and  with  the  supreme  power,  wUchaeoves 
political  Ubcrty.  It  i%  therefore,  in  describing  Europe  ttil 
we  shall  have  to  explain  the  tnstitatiQnsof  chtvairjy  the  he* 
Dsrary  distinctions,  and  otinr  institetioas,  whose  object 
it  is,  either  to  mark  the  degrees  in  tiie  scale  of  socielyf 
or  to  render  ihb  distance  between  tinm  less  felt  and  lees  per- 
e^tible. 
Senomina.  ft  wonld  be  rather  nninterestingio  ennmerate  ttie  variow 
■ovmign-  dsnomkiations  which  designate  the  diftrent  states.  Hie  «n 
^^*'  of  flie  tenns  empire,  kingdom,  sultanat,  khanat,  and  othan, 
will  be  learnt  inH;he  descriptive  part  of  this  work.  It  woeU 
he  eqnally  useless  to  consider  in  this  place,  the  titks  wUdk 
the  heads  of  states  assume,  from  the  modest  presideat  of  tks 
United  States,  to  the  vain-glorious  Emperor  of  CUns,  wiie 
is  called  the  son  of  heaven,  and  who  is,  however,  walfy  the 
siiiy  imitator  of  the  Persian  monarchs,  who  style  theaeelws 
kings  of  kings,  princes  of  the  stars,  and  brothers  of  the  son 
and  moon.*  Empty  sounds  have  no  influence  upon  the  pros* 
parity  or  the  power  of  states*!  Political  geography  regards^ 
as  almost  unworthy  of  notice,  the  arms  and  colours  by  wlmh 
the  diferent  states  mark  their  ensigns,  their  flags,  and  their 
frontier  posts. 
Rmoorces  I^  ^  ^  matter  of  much  greater  importance  to  ascertain  tte 
atatT  iBaterial  resources  of  the  state.  This  is  the  particular  ob- 
ject of  an  extensive  science,  termed  poHtical  arithmetic  4 
iiie  resuHs,  however,  of  this  science  must  have  a  place  in  the 
descriptions  of  poHtteal  geography. 

*  Ammtan.  Marcell.  zvii.  5.    xziii.  6. 
t  Becmanni,  Syntagma  Dignitat,  lUust.  Diatert.  iii.  cap.  3. 
t  Sea  the  works  of  Young,   Petty,  ftc.  quoted  p.  551,  553.    The  geiMral 
Treatises  of  Statistics,  by  Ackenwall,  Toze  and  Mensel,  (in  German,)  and  tbe 

Statistical  Account  of  Scotland  by  the  Parochial  Clergy, 


The  ftrat  ekmeiit  is  the  vahie  of  lutif  and  of  iti  pro- 
duce.   Here  the  different  productions  of  the  thtee 
doms  of  nature  are  classed  aconrding  to  their  uaeftilnsas  m 
•fticles  of  lifOf  and  their  value  as  articles  of  merchaadina.  laad. 


Hm  govemmmt  itself  kuowa,  only  by  approxittaiioBf.  ^ 
value  of  what  agriculture,  the  fisheries,  and  the  miaea  pio- 
dBce»  and  what  is  the  exact  proportion  between  the  oomwa 
dities  which  the  nation  sells,  and  those  which  it  hnye. 
Govenunents  beaide,  do  not  often  publish  even  the  impsv- 
feet  information  of  this  kind  which  they  possess.  Political 
geography,  therefore,  cannot  absolutely  warrant  the  accu- 
racy of  the  lists  of  productions,  of  exports,  and  imports, 
which  it  is  <Aliged  to  collect  with  so  much  trouble.  To 
raider  these  details  as  useful  as  possible,  it  is  necessavy  to 
know  the  proportional  values  in  which  lists  of  tiiis  kind 
are  made  up ;  the  monies,  the  weights,  and  the  nMnsuMS 
of  each  country.  This  subject,  which  presents  a  diffspent 
aspect  in  every  state,  will  oome  to  be  considered  in  onr  par- 
ticular descriptions. 

In  the  second  rank,  anmngst  tiie  elements  of  the  nsttenal  indof  tiy, 
resDuroes,  should  be  placed  commencial  and  manufhoturlng  ^u^?*' 
industry*    It  was  this  which  accumulated  on  the  rook  of  ^^«** 
Tyre,  on  the  barren  coasts  of  Attica,  and  on  the  flat  sandy 
flhofes  of  Alexandria,  the  treasures  of  the  ancient  wnvld ; 
and  it  was  it  which,  in  modern  times,  raised  Yenice  and  Hol- 
land to  greatness.    Here  political  geography  shoiidd 
der  tim  siination  of  the  coasts  of  a  country,  the 
and  nature  of  its  ports,  and  the  state  of  its  great  knAi 
andcanala;  ctrcamstances,  all  of  which  direotiy  inittenoe 
the  pro^ness  and  prosperity  of  national  industry,    kt  ib 
Ukewise  necessary  to  attend  to  the  various  commencial  ka- 
ititutiona,  such  as  the  great  national  banks,  which  acoo»- 
plish  the  rapid  exchange  of  tiie  signs  that  represent  the^-va- 
htt  of  merchandise,  and  the  commerciid  and  trading  oom- 
paaieB,  amongst  which  there    are    some  that  possess  in 
Mv«nigaty  vast  provinces  beyond  tlie  boundaries  of  Bw- 
rope. 
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The  population  of  a  state  forms  Ae  third  ehmtol  ia  its 
^^^^^  resources.  We  have  seen  in  a  preceding  book,  that  the  pro- 
portions  between  the  deaths,  the  births,  and  the  number  of 
tion.  living  inhabitants,  enable  us  to  approximate  nearly  the  po- 
pulation of  a  country;  but  it  is  a  census  alone  which  enables 
us  to  ascertain  it  with  exaptness.  Even  when  we  have  an 
aathentic  census,  we  should  beware  of  trusting  to  it  with  im- 
plicit confidence.  The  same  individuals  are  often  counted 
twice,  which  happens  every  time  that  the  inhabitants  of  the 
country  are  numbered  in  summer,  and  those  of  the  tovnis  in 
winter. 

The  number  of  inhabitants  is  the  foundation  of  every 
good  system  of  finance;  the  more  individuals  a  comitry 
contains,  provided  they  have  the  means  of  subsistence,  the 
greater  progress  will  commerce  and  manufactures  make; 
and  consequently  the  greater  the  increase  of  the  revenues* 
The  number  of  inhabitants  ought  equally  to  determine  the 
number  of  the  troops.    It  is  computed  that  the  men  capable 
of  bearing  arms,  form  about  the  fourth  part  of  the  whole  in- 
habitants.   The  greatest  efibrt,  however,  that  the  most  war- 
like state  9an  make  in  a  case  of  extreme  necessity,  is  to  am 
the  eighth  part  of  its  population.    No  example  even  of  tiiis 
has  occurred  in  modern  history. 
Proportion     Let  US  observe  also  that  the  more  a  mass  is  amcen* 
tiorto"the  trated,  provided   that    it   has    free   space    sufficient  to 
«Nrrito^^    move  in,  the  more  energy  it  will  acquire.    A  small  po- 
pulous country,  therefore,  is,  in  proportion,  more  powerful 
than  a  state  of  vast  extent  thinly  peopled.    A  coontiy  is 
looked  upon  as  populous,  when  it  contains  about  100  inha- 
bitants to  the  English  square  mile.    England  is  peopled 
at  the  rate  of  198  to  the  square  mile;  but  Ireland  and  Soot- 
land  present  a  less  favourable  proportion;  the  former  being 
1£2,  and  the  latter  56 ;  Wales  has  80  to  the  square  mile. 
Holland  had,  before  the  troubles  of  1788,  and  tiie  revda- 
tions  which  followed  th»i,  21£  inhabitants  for  each  square 
mile,  which  makes  1908  for  each  square  English  league. 
The  Island  of  Malta  is  probably  the  most  thickly  peopled 
country ;  it  had  more  than  6000  souls  to  the  square  league ; 
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bnt  these  are  to  be  regarded  only  as  rare  local  exceptions,    book 
And  it  is  common  enough  to  find,  in  European  Russia,  ^^m* 
governments  which  have  not  more  than  20,  or  even  10 
inhabitants,  to  each  square  mile.* 

The  attempts  which  political  arithmeticians  have  made  Revenues 
to  compute  the  value  of  the  aggregate  revenue  of  a  whole  ^^^****^* 
nation,  arising  from  the  employment  of  its  capital  in  the  \ 

cultivati(m  of  the  soil,  and  in  the  various  branches  of  com- 
merce and  the  arts,  have  hitherto  produced  only  proximate 
resnlte,  more  or  less  accurate  according  to  the  correctness 
of  the  data  from  which  the  calculations  have  been  made» 
Political  geography  merely  exhibits  the  sum  of  the  revenues 
at  the  disposid  of  the  government  of  each  state,  and  the 
principal  sources  whence  they  flow.  In  many  countries 
this  information  is  fiomished  by  the  annual  budget,  which 
is  the  name  given  to  the  table  of  finances  laid  before  the 
aristocratic  or  democratic  body,  sharing  in  the  exercise  of 
the  supreme  power.  As  the  budget,  however,  is  sometimes  Debti  of 
intended  to  neutralize  the  unfavourable  impression  which  ^''^ '^*** 
may  have  been  made  by  the  increase  of  the  public  debts  of 
the  state,  it  occasionally  exhibits  fallacious  details:  in  ab- 
solute monarchies  this  device  is  superfluous.  But  the  cor- 
rect estimates  often  remain  buried  in  the  ministerial  bureaux, 
until  some  lucky  chance,  or  the  will  of  an  enlightened  sove- 
reign, ushers  them  into  useful  publicity.  As  it  is  only  in 
Europe  that  there  exists  a  regular  system  of  finance,  it  is  in 
the  description  of  that  part  of  the  world  that  we  shall  point 
out  flie  diflerent  species  of  taxes  and  customs,  and  all  the 
ingenious  artifices  by  which  civilized  governments  force 
money  out  of  the  pockets  of  their  subjects ;  wbUe  the  chieb 
of  barbarous  nations  carry  off,  in  kind,  and  most  frequentiy 
in  an  arbitrary  and  irregular  manner,  the  articles  which  they 
require. 

An  armed  force,  naval  and  military,  is  unfortunately,  xnned 
hut  necessarily,  an  object  of  the  first  importance  to  every  ^•"•• 
government 

*  Busching,  Introduction  a  la  connaissance  des  Etats  de  TEurope. 
VOL.  I,  38 
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BaTage  tribes,  and  eyen  some  lialf-ciYilized 
sxiii.  accastomed  to  march  against  their  enemies  all  flie  maiea  ft 
to  carry  arms.  Nothing  prevents  them  from  dotng  00^  •• 
fishing  and  hunting  are  occupatioM  which  a  horde  off  sap 
▼ages  carry  along  with  them.  In  other  circnmstaacesy  the 
women  may  be  sufficient  for  the  emptoyments  of  sigricnl- 
tareand  the  tending  of  cattle ;  but  aa  soon  as  labour  is  nnl- 
ii^edf  and,  in  consequence  of  this»  comes  to  be  dlTided, 
that  is^  as  soon  as  the  agricultural,  maaufhctnviiii^  and 
commercial  classes,  have  each  a  sqparato  exietence  and 
place  in  society,  it  is  impossible  to  arm  and  to  Inring 
into  the  field  the  entire  mass  of  a  nation,  withoat  oooii* 
pletely  suspending  the  ezerdse  of  those  trades  and  oecn- 
pations  on  which  its  subsistsnce  depends.  It  therefiii«  be- 
comes necessary  to  form  a  class  excluslTeiy  doTOtod  to  tiie 
trade  of  war;  such  was,  in  the  middle  ages,  tlie  design  <rf the 
order  of  nobility  and  of  chiyalry ;  but  the  inyention  of  gun- 
powder and  artUlery,  the  introduction  of  a  new  system  of  Ibr- 
tification,  and  the  perfection  to  which  tactics  have  been 
brought,  have  conyerted  the  formeriy  simple  and  afanoot  me- 
dmnical  art  of  war  intoaprefeund  and  extensiyeseleiio^to 
the  study  of  which  many  years  must  be  devoted.  Thin  oon- 
sidMration,  strengthened  by  motives  of  ambition  and  policy, 
gradually  paved  the  way  for  the  establishment  of  standii^ 
armies.  The  European  powers  have  had,  for  more  than  a 
centivy  and  a  hM,  a  certain  number  of  troops  in  a  slato  of 
perfect  discipline  and  equipment  ready  to  march  at  a  mo- 
mentfs  notice.  In  supporting  these  troops,  one-third,  and 
often  one  half  of  all  the  public  revenue  is  consumed,  ne 
Uttd  land  force,  or  the  army,  .is  composed  of  four  principal 
^^'^^^  puts,  or  arms,  with  their  subdivisions;  namely,  tiie  infea- 
try,  or  combatants  on  foot;  the  cavalry,  or  combatants  on 
h<Nrse-back ;  the  artillery,  whose  province  is  to  work  those 
enginlies  of  destruction,  on  the  skilftil  management  of  whldi 
the  issue  of  battle  frequently  depends ;  and  ti^  engineer  de- 
partment^ which  conducts  the  defence  and  attack  of  tir- 
tified  places.  In  the  description  of  a  kingdom,  not  only 
abould  we  point  out  the  number  and  situation  of  the  for- 
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tressesy  fhe  passes  and  defiles  of  greater  Importance,  as  weD  B<Mii: 
as  the  number  of  troops  which  it  maintains ;  but  it  is  farther  x^™* 
necessary  to  mention,  whether  these  are  regular  troops,  or  . 

bands  without  discipline  or  military  science,  and.  also  to 
specify  tiie  physical  advantages  and  disadvantages  of  the 
frontiers* 

In  lilce  manner,  it  is  not  enough  to  know  the  number  of  Saft>rceg. 
ships  of  war  of  wliich  the  navy  of  a  state  consists.  We  must 
also  ascertain  whether  it  possesses  an  adequate  number  of 
skilful  officers  and  experienced  sailors.    We  must  observe 
whether  it  compreliends  in  its  dominions  extensive  coasts, 
famished  with  safe  and  commodious  harbours,  or  touches  the 
sea  only  in  some  insulated  points.    According  to  circum- 
stances, a  state  requires  a  fleet  of  ships  of  the  line,  and  fri-  Fieat  and 
gates  to  fight  on  the  open  sea,  or  a  flotilla  of  gun-boats  to  ^^^^ 
defend  its  coasts,  its  straits,  and  its  ports. 

Finally,  states  have  also,  besides  their  own  peculiar  for-  Force  arit- 
ces,  a  force  of  situation  depending  upon  their  external  i^a- l^^/ro^u 
tions ;  and  particularly,  on  the  alliances,  whether  diplomatic  reutions. 
or  natural,  which  render  them  the  friends  or  enemies  of  each 
otter.    The  equilibrium  resulting  from  the  alliances  of  the 
diilbrent  European  nations,  is  called  the ''  balance  of  power.'* 
This  political  equilibrium  has  frequentiy  been  subverted; 
but  it  is  notwithstanding  of  importance  to  examine  the  prin- 
cipal bases  on  which  it  rests,  as  shall  be  done  in  our  descrip- 
tion of  Eiurope. 

The  mxanl  state  of  a  nation  is  the  result  of  all  these  poti-  Moral 
tical  and  social  relations  we  have  been  specifying.    This  JJ^^i*  ^f  * 
state  is  [indicated  by  various  signs,  of  which  the  potttical 
geographer  ought  to  notice  the  'most  striking. 

inie  mode  of  dress  is  more  than  a  simple  object  of  curio-  GanMnts. 
si^;  the  loose  flowing  habit  of  the  orientals,  and  the  tight 
eMhiBg  of  the  European,  exert  an  influence  on  their  phy- 
sical and  moral  constftution.  The  nudity  of  certain  nations  Drew, 
pvocnvatothen  corporeal  advanti^es,  an  agility,  a  strength, 
wtA  a  vohostness  of  healtii,  unknown  to  nations  whose  limbs 
am  oneanibtt^d  with  garments ;  but  tius  superiority  is  more 
thtn  coontsrbalanced  by  extreme  indolence  and  feebleness^ 
38 
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BOOK    and  torpor  of  onderstandiog.    The  custom  of  painting  the 
XXIII.  body^  whether  by  imprintingy  or  marking  figures  upon  the 
skin,  or  by  simply  besmearing  it  with  a  coat  of  colouriagy 
marks  the  infancy  of  civilization,  and  the  first  workings  of 
vanity.    Rank  and  dignity  are  frequently  indicated  by  the 
vestments,  or  by  the  ornaments  with  which  they  are  embel- 
lished.   A  particular  kind  of  sash  of  cotton  cloth  is  the  dis- 
tinguishing badge  of  royalty  in  Otaheite.    The  priests  of 
Siam  reserve  to  tiiemsdves  the  privilege  of  shaving  their 
eyebrows,    A  necklace  of  human  teeth  supplies  the  place  of 
the  star,  in  the  order  of  negro  nobility. 
HaUta.         Xhe  ordinary  habitations  of  a  people,  are  an  almost  infal- 
lible index  of  the  degree  of  civilization  at  which  they  have 
arrived.    The  human  race  may  be  divided  into  four  classes, 
according  to  the  four  kinds  of  habitations  which  follow,  lit. 
Caverns  in  the  rocks,  and  under  ground.    They  who  make 
these  their  common  abodes,  are  called  Troglodytes,    id^ 
Huts  of  earth, •branches  of  trees,  stones,  or  some  other  sub- 
stance, either  in  the  natural  state*  or  coarsely  wrought  3<t 
Tents ;  these  moveable  dwellings,  in  the  opinion  of  wander- 
ing pastoral  tribes,  appear  preferable  to  our  palaces.    4  A, 
Houses,  which  may  be  defined  huts  brought  to  a  state  of  per- 
fection j  for  even  tiie  most  superb  colonnade,  is  merely  ano- 
ble  imitation  of  the  coarse  beams  which  supported  the  thatch- 
ed roof.    We  find  in  Europe,  houses  constructed  of  unsquar- 
ed  beams — of  beams  that  are  squared  and  lined  with  wains- 
coting— of  prepared  clay  and  squared  timber — of  bricks  and 
wood— of  bricks  alone— of  unhewn  stone— of  hewn  stone— 
and  of  marble. 
Towu,         The  name  of  a  city  or  town,  strictiy  speaking,  is  not  gi- 
towuhaDd  ^^^  ^  ^  collection  of  houses  on  account  eiiher  of  its  extent 
viUagef.     or  its  population,  but  in  consequence  of  certain  privileges 
which  the  place  enjoys.    The  right  of  exercising  the  various 
arts  and  trades,  and  of  conducting  commerce^  serves  in  most 
countries  chiefly  to  distinguish  cities  and  towns  from  vil- 
lages.   Villages  are  sometimes  larger  than  towns,  for  ei- 
ample  in  Silesia;  but  they  have  commonly  no  privilege 
to  distinguish  them  from  hamlets  and  other  assemblages 
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of  houses  in  the  country.    Burghs  are  places  which  enjoy    book 
a  portion  of  the  rights  granted  to  cities.    In  other  respects,   xxiii. 
these  words  admit  of  different  senses,  according  to  the  laws 
and  customs  of  different  countries. 

Utensils  and  instruments  are  objects  no  less  worthy  of  utensils 
the  attention  of  a  pliilosopical  observer.    The  bows,  the'^°^„|;**^'"" 
javelins,  and  the  nets  of  savages,  often  deserve  to  be  admir* 
ed  for  the  perseverance  and  dexterity  that  wei-e  required  to 
produce  them. 

The  European  is  accustomed  to  make  almost  every  nu-  Food. 
tritive  substance  minister  to  his  support,  or  to  the  gratifica- 
tion of  his  palate.  But  there  are  nations  that  live  almost 
exclusively  upon  one  kind  of  food.  The  frugivorous,  car- 
nivorous, and  ichthyophagous  tribes  are  distributed  over  the 
whole  surface  of  the  globe.  The  taste  for  liorse-flesh  appears 
peculiar  to  the  Mongols,  Tartars,  Finns,  and  other  descen- 
dants of  the  Scythians,  and  to  the  Sclavonic  ^d  Gothic  na- 
tions. Both  ancient  and  modern  writers  place  the  Acrido- 
phagi,  or  eaters  of  locusts,  in  Africa.    Some  of  the  American  ^ 

tribes  visited  by  Humboldt,  devour  a  species  of  clay. 

Respecting  Anthropophagism,  or  the  horrible  custom  of  Anthropo. 
eating  human  flesh,  it  appears  to  be  proved  that  it  does  not^***'""* 
belong  exclusively  to  any  nation;  all  savage  tribes  are 
addicted  to  it,  either  from  the  impulse  of  a  ferocious  hatred 
of  tiieir  enemies,  or  by  the  dictates  of  an  atrocious  supersti- 
tion, or  finally,  in  consequence  of  extreme  want  Not  only 
do  modem  accounts  assert  that  the  practice  obtains  in  the 
greater  part  of  the  nations  of  Africa,  America,  and  Aus- 
tralasia; but  we  discover  from  several  passages  in  the  an- 
cients, that  it  was  at  one  time  prevalent  in  Europe.  The 
poets  ascribe  it  to  the  Cyclops  and  Lestrygons,  whom  they 
place  in  Italy.*  Historians  bring  this  charge  against  the 
Scythians,!  ^^^  Cimbrians,!  a  tribe  of  Caledonians,^  [and 
other  nations  of  the  north. 

*  Homer,  Odyaa.  ix,  S90.  x.  129. 

t  Herod,  iv.  18—30.    Plin.  Tii.  2. 

X  Diodor.  v.  chap,  3S«  ' 

\  Hieronym.  ep  Buchan,  Rer.  Scotic,  ii.  p.  55.]^Edit.  WecheK 
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900K       The  heroes  and  gods  of  Homer,  employ  expressions  bor- 
zxiii.  rowed  firom  the  rites  of  Anthropophagism ;  Jupitcnr  re^ 

"  '"  "  preaches  Juno  for  desiring  to  eat,  either  raw  or  dresoed* 
King  Priam  and  his  children.  Human  sacrifices  were 
known  amongst  the  Greeks  and  Romans,  as  well  as  the 
CeltSy  Scandinavians,  and  oriental  nations.  These  horrid 
sacrifices  appear  to  have  been  often  succeeded  by  a  repast 
still  more  horrid.  The  disgusting  practice  of  burying  the 
dead  bodies  of  their  relations  in  their  own  bowels,  is  attri- 
buted the  Issidones,*"  and  the.Massagetse  ;t  to  several  tribes 
of  India  ;\  to  the  people  of  Thibet  and  the  Marian  Islands  j^ 
and  to  the  ancient  Irish,|| 

inebriaUng  The  desire  of  procuring  a  momentary  elevation  of  spi* 
rits,  has  caused  the  invention  amongst  M  nations,  of  intoz* 
icating  liquors.  Their  difierent  properties,  from  the  gaub* 
rous  wine  of  Europe  to  the  loathsome  ava  of  the  Otaheitansy 
deserve  to  be  pointed  out  in  the  geographical  descriptions  of 
the  respective  countries. 

CuBtoma.  From  the  immense  variety  of  customs,  which  impart  to 
social  life,  in  every  nation,  its  peculiar  features^  political 
geographers  select  the  most  striking,  namely  those  which 
are  most  dosely  -  connected  with  morals,  and  which  senre 
to  illustrate  the  history  and  filiation  of  the  species.  Such 
is  the  circumcision  practised  amongst  tlie  African  nataoaa 
whidi  do  not  prefer  Islamism;  the  cuett^m  <^  embalming 
dead  bodies,  common  alike  to  the  Guanchea  of  the  Canaiy 
islands,  and  to  the  ancient  Egyptians;  the  fashion  of  lettuig 
the  bodies  of  the^jdead  dry  and  wither  away  im  the  air,  i 
mon  to  the  Otaheitans  and  the  ancient  Modes  ]  the 
torn  prevalent  among  the  females  of  India,  and  the  wives 
of  the  Wendes  and  Scandinavians,  of  immolating  tibemselipes 
upon  the  tombs  of  their  husbands;  and  in  general  lbs 

*  Herod,  \v.  26. 

t  Strabo,  zi.  353,  edit.  Caaaub.  Atrob^    Herod,  i.  cap.  216. 

t  Herod,  iii.  cap,  99, 100. 

4  Rubrnquis,  Marce  Paul.  MeDdana,  &c. 

II  Strabo,  iv.  139. 
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ceremonies  observed  at  marriages,  birfhsy  and  funerals^  pre-   book 
sent  reeemblaaces  that  are  often  highly  interesting.  xuii* 

Civil  laws  sometimes  present  singularities  which  deserve  . 
to  be  marked  in  th^  description  of  a  nation.  But  it  is  suffi*  '^  ^^'* 
dent  to  notice  regulations  which  punctiliously  prescribe  the 
silly  ceremonies  of  a  degrading  etiquette ;  punishments  re- 
volting to  humanity  ^  graduated  scales  of  murders^  and  mu- 
tilationa^  and  tortures ;  superstitious  ordeals,  still  prevalent 
amongst  diflTerent  nations,  and  a  thousand  other  similar 
observances  of  ancient  barbarism,  or  the  bequeathments  of 
more  recent  despotism* 

The  intellectual  state  of  society  closes  this  lengthened  Stat»  or 
view  oi  the  vanous  aspects  undm*  which  nations  may  ji^'^^^^^^^s** 
contemplated.  Do  they  possess  an  accumulated  store  of  the 
discoveries  of  genius,  and  of  the  observations  of  wisdom  I 
Do  they  cherish,  in  the  sublime  and  beautiful  effusions  of 
poetry,  the  expression  of  the  noblest  sentiments  of  humanity 
and  patriotism  ?  Do  men  of  science  and  litcteture  occupy 
the  honourable  rank  to  which  they  are  entitled  ?  These  are 
questions  which  require  to  be  satisfactorily  solved  before 
we  can  determine  the  progress  which  a  nation  has  made  in 
civilizati<m  and  in  morals. 

The  gweral  result,  the  collected  eflfect  of  all  these  aspects  ctaiMt  of 
and  relations,  to  which  our  attention  has  been  drawn,  con-  ^^^^^ 
ititntes  the  character  of  a  nation.    Nations  may  be  distil- 
beted  into  three  general  classes.    Savages  are  those,  who  Safasoi. 
are  ignorant  of  the  art  of  writing*  or  of  fixing  their  tiioughts 
by  means  of  conventional  signs  equivalent  to  writing.  Their 
vagne  and  unsteady  ideas  are  attached  only  to  objects  which 
itaJke  their  iSenees;  they  ddight  to  adorn  their  persons  in  a 
tenner  which  to  us  appears  ridiculous ;  they  are  passion- 
aMy  Ibnd  of  bodily  exercise*  and  in  tiiis  respect  they  infi- 
nitely surpass  us.    Their  industry  is  generally  confined  to 
n  litUe  gardening,  to  fishing,  and  the  chase.    Some  of  them  Barbtriana 
however*  produce  specimens  of  beautiful  workmanship*  and  vuit^ 
haxre  even  commodious  and  elegant  habitations.    The  class 
of  barbarians,  or  men  half  civilized,  comprehends  every 
natiett  which,  by  writing^  by  written  laws*  by  a  religion 


600  BOOK  TWBirTT-TKimD. 

BOOK    expressed  in  ceremonial  observances,  or  by  a  more  regnlar 
XXIII.  military  system,  has  evidently  emerged  from  tlie  savage 
"^"^^^  state.    But  the  information  which  such  a  people  possesses 
is  as  yet  only  an  indigested  mass  of  incoherent  observa- 
tions : — ^their  arts  are  exercised  as  it  were  by  routine-— ttirir 
policy  is  limited  to  the  defence  of  their  frontier,  at  tiie 
moment  of  danger,  or  to  oflTensive  operations  condocted 
without  a  plan.    Their  progress  is  in  general  slow  and 
uncertain,  because,  even  in  advancing  towards  civilizatim, 
they  have  no  proper  conception  of  the  great  objects  at  wfaidi 
cwiiised    they  should  aim.     A  civilized  nation  is  that  which  has 
natioDt.     arranged  its  knowledge  in  the  form  of  sciences ;  which  has 
elevated  the  mechanical  to  the  rank  of  the  fine  arts ;  whidi, 
to  express  the  various  sentiments  of  the  human  heart,  has 
created  the  **  Belles  Lettres ;"  which  is  possessed  of  a  fixed 
system  of  legislation,  of  policy,  and  of  war,  calculated  not 
only  for  existing  circumstances,  but  for  ages  to  come— a 
nation  in  wliich  Christianity,  undefiled  by  superstition  or 
enthusiasm,  displays  its  proper  influence  in  the  pniification 
and  elevation  of  the  public  morals, — a  nation,  finally,  which 
recognizes  the  great  principles  of  public  law,  by  acting  in 
time  of  peace  as  the  friend  of  every  other  state,  and  by 
respecting,  in  time  of  war,  the  property  of  defenceless  citi- 
zens. 
Character.     The  general  character  c^  a  nation,  being  the  resalt  €t  all 
the  physical  circumstances  in  which  it  is  placed,  and  of  the 
political  institutions,  which  modify  these  drcumstaaces,  it 
Does  It  de*  is  absurd  to  make  it  depend  upon  climate  alone.    Extreme 
dimate"     ^"'^  ^  ^®^'  ^  extreme  heat,  by  enfeebling  the  constitutioa, 
seems  to  check  and  restrain  that  progress  in  improvement 
which  a  people  might  otherwise  make ;  but  institntioas  and 
manners  struggle  successfully  against  tiie  climate.    Egypt^ 
under  the  tropic,  and  Scandinavia,  under  tiie  polar  circle, 
have  equally  given  birth  to  heroes,  men  of  genius,  and 
philosophers. 
Nature  of     The  nature  of  a  country  has  more  influence  than  the 
iV ?nflu/  *  temperature.     The  mountainous  central  parts  of  Greece, 
rnce.        forifierly  the  beloved  abodes  of  cpurage  apd  independency 
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are  still  the  places  tiiat  are  least  accessible  to  despotism. 
In  Thracey  the  Sarres,  inhabitants  of  the  moimtainsy  main-  xuii* 
tained  for  a  long  time  their  independence;*  in  these  same 
monntains,  as  well  as  in  Macedonia*  we  find  at  this  day 
hordes  of  Turcomans  who  live  in  theenjoyment-of  liberty.-f 
The  Illyrians  bravely  resisted  the  kings  o^  Macedonia,  and 
the  Ronaan  Legions4  The  Amauts,  or  Albanians  wan-* 
deriag  upon  these  same  moantains,  obey  the  Turks  only 
when  payed  by  them* 

Tlie  Greeks,  in  spite  of  the  yoke  of  tyranny  under  which 
they  are  oppressed,  exhibit  still  in  some  mountainous  can- 
tons, the  manly  character  and  republican  spirit  of  their  an- 
cestors.    Without  mentioning  tiie  Mainotes,  so  often  re^ 
ferred  to,  let  us  look  to  the  town  of  Ambelikia,  situated  on 
the  decliyity  of  Mount  Ossa,  above  Tempe ;  its  inhabitants, 
as  brave  as  they  are  industrious,  have  twice  repulsed  the  Ot- 
toman troops,  and  no  Turk  dare  shew  himself  on  their  rocks* 
The  small  town  of  Parga,$  whose  unhappy  and  unmerited 
catastrophe  we  shall  afterwards  have  occasion  to  describe, 
has  often  presented  the  spectacle  of  women  taking  up  urms 
and  fighting  fbr  liberty.||    The  Spachiotes,  who  inhabit  the 
white  mountains  in  the  Isle  of  Crete,  have  been  only  lately 
subjugated,  rather  by  intestine  discords  than  by  the  arms 
of  the  Turks.    They  still  preserve  several  institutions  of 
the  ancient  Cretans.^    It  is  perhaps  to  the  peculiiur  nature 
of  the  soil  of  Europe,  to  its  being  more  intersected,  more 
rugged,  and  more  unproductive,  than  that  of  Asia  or  Ame- 
rica, that  we  owe  that  presence  of  mind,  and  that  spirit  of 
bold  enterprise  and  perseverance  by  which  tbe  natives  are 
in  general  so  moch  distinguished.    These  qualities  ead* 
nenUy  characterise  the  inhabitants  of  the  Alps,  the  Doirines» 
and  the  Cevennes. 

*  Herodot,  lib.  Tii.  cap.  iii. 

t  Felix  Beaujour,  vol.  i.  p.  325. 

%  Livj,  i,  43.  cap.  19.    Justin,  &c. 

f  F.  Beaujour,  vol.  i,  p.  272. 

II  Scrofani,  Voyage  en  Grice,  vol.  iii.  p.  21. 

5  Savary,  Letters  sur  la  Greece.    Lett,  xxxvi, 
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Nations  that  occHpy  mountainous  districtsy  espociaUj 
zziu*  when  jealous  of  their  libertj^  and  living  in  small  separate 
states^  speak  generally  a  number  of  dialects^  whichy  in  pnH 
ceas  of  time^  become  so  many  languages..   In  Cancasosi 
there  are  twenty-six  differmt  dialects  spokeik*    As  a  far* 
ther  proof  of  this,  we  may  also  refer  to  the  numerous  diar 
lects  of  Greece  and  Scandinavia. 
People  Id-      Tribes  tiiat  inhabit  vast  plains  destitute  of  large  rivers 
pu^^"*     and  forests,  naturally  betake  themselves  to  a  wanderiAg 
life,  and  the  tending  of  flocks  and  catQe.    The  patriardial 
government,   the   parent  of  despotism^    had   its    origin 
Nomadef  •  amongst  wandering  tribes  or  Mmadei.    An  insnlated  mode 
of  life  retards  the  progress  of  population;  and  the  facility 
with  which  food  is  procured,  obstructs  the  growth  of  in- 
dustry and  the  arts*    Such  is  the  cause  of  the  barbarism  in 
which  the  tribes  of  central  Asia  remain.    But  if  these  tribes 
meet  with  considerable  rivers,  bordered  by  meadows  affinrd- 
ing  rick  pasture  to  their  herds,  they  follow  their  \oonae,t 
«!!d«^-°  andy  descending  into  fertile  vallies,  become  fishenMa  sad 
cuitunm.  agriculturists.    As  soon  as  they  have  fixed  their  abode,  we 
see  the  arts  and  sciences  gradually  spring  up^in^Hie  midst 
of  them.     The  Mongols  descending  from  their  upland 
plains,  have  become  the  founders  of  numerous  towns  in 
China;  and  an  African  horde,  following  the  Nile  from 
Ifteroe  and  uppw  Ethiopia,  has  been  able  successively  to 
oreate  the  wonders  of  Thebes  and  of  Mempius. 
Tribes  Forests  must  have  been  the  primitive  abodes*of  the  Eoro- 

Fomtt?  P^^  tribes,  when  they  lived  upon  acorns.  Even  bow  the 
palm  forests  afford  shelter  to  the  nations  of  Africa.  The 
bunting  eC  animals  was  the  natural  occupation  of  these 
pef^;  bat  at  the  dawn  of  civilixation,  the  tribes  of 
ters,  baring  both  the  body  and  the  mind  formed  by 
lent  exercise,  by  dangers,  and  incessant  toil,  must  have 
made  more  n^id  progress  in  improvement  than  the  pas- 

*  StrabOl  zl«    Reincgg»,  Voyage,  &c. 

t  Gompaie  Deguifnes,  Histoire  det  Huns,  ii.  p.  5. 
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toral  fribea»  and  must  have  built  houses  aad  towns  at  a 
much  earlier  period.  The  forests  would  furnish  them  with  xnil- 
the  materials  and  the  model  of  their  architecture.  Tnmka 
of  trees  supporting  a  verdant  roof^  suggested  the  first  idea 
of  Grecian  and  Indian  colonnadesy  whilst  Chinese  architect 
tnre  consists  only  of  tents  imitated  in  wood  and  stone ;  and 
in  the  Gothic  architecture,  we  recognise  the  image  of 
gloMoiy  caverns  and  steep  rocks.* 

Monntainsy  rivers,  and  forests,  having  directed  the  first 
tribes  in  their  emigrations,  and  having  iniuenced  their 
physical  and  moral  character,  have  also  given  rise  to  theOnpa^^ 
first  geographical  divisions  and  denominations,!  as  we  shall  cIiSw!^' 
often  have  occasion  to  show  in  our  particular  descriptions.  *^^°* 
But  what  has  most  accelerated  the  extension  of  the  human 
iqpeciea,  and  the  progress  of  civilization,  is  the  invention  of 
navigation. 

What  lively  and  strange  emotions  must  ihe  first  nmiM^Une 
have  leli,  when,  descending  fimn  their  paternal  mountainsy^^^** 
after  having  wandered  in  the  tiiick  forests  which  covered 
thea^  they  saw,  all  at  once,  tiheir  further  advance  impeded 
by  an  immense  plain  of  water,  which,  in  the  distance^  ap* 
peered  to  he  lost  in  the  sky,  and  to  minf^e  with  the  cloudsl 
The  hmrten^  accustomed  as  tihey  were  to  danger,  would 
ftel  a  great  degree  ef  repugnance  to  commit  themselves  to 
the  waves.  But  no  sooner  was  the  first  skiff  lamtched  upon 
the  oeean,  than  the  whole  physical  and  moral  state  of  that 
Irib^  wUch,  in  consequence  of  its  situation,  was  enabled 
te  profit  by  tUs  great  discovery,  would  he  changed^  A 
small  territory,  ahoonding  in  fisheries,  is  enabled  to  accu* 
mulate  a  numerous  population.  Civilized  icdands  are  asy«^ 
hims  inaecessihle  to  the  attacks  of  savages.  These  small 
cetners  of  tiie  earfli,  insulatod  by  nature  itself,  gave  rise  ta 
the  first  ideas  of  country  and  of  national  independence. 
Srea  the  inclemency  of  tim  maritime  air  mast  hsnre  hatf 


*  Hodctt-'a  Tra3r«ls  in  India,  past  ■• 

t  Rudback,  Atlanu  i.  5^—67.  Eccardi  Orif.  Gennan,  p.  86.    Torfoiy  Hist. 
Hanrag,  U  130—150. 
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BOOK    some  influence  upon  the  progress  of  civilization.     In  the 
*^*''*  interior  of  the  country,  a  tent  or  hut  of  verdant  tarf  aflbrded 
■— ^"^  a  sufficient  shelter  from  the  rain  and  the  wind.    Near  the 
sea,  the  dampness  of  the  atmosphere  rendered  it  necessaiy 
to  build  habitations  of  firmer  materials  and  a  closer  con- 
struction.   Great  towns  arose  upon  tiie  banks  of  a  river,  or 
upon  the  shores  of  the  sea. 
Character      The  character  of  insular  nations  is  always  distinguished 
natioiif."  hy  originality.    Attached  to  their  native  soil,  and  unjust 
towards  a  foreign  one ;  faithful  to  national  remembrances, 
but  strongly  biassed  by  superstitions  and  prejudices,  thej 
generally  exhibit  more  energetic  virtues  and  vices  than  the 
inhabitants  of  continental  plains. 
lafluance       In  the  history  of  the  human  species,  the  progress  of  na- 
Uonr^^*  vigation  will  always  hold  the  first  place  after  that  of  agri- 
culture.   The  civilization  which  agriculture  gives  riseto^ 
is  purely  local ;  it  stops  as  soon  as  the  supply  of  the  wants 
of  the  nation  is  secured ;  agricultural  societies,  generally 
composed  of  only  two  classes,  masters  and  slaves,  insulate 
themselves  from  the  rest  of  the  world  more  by  their  laws 
and  customs,  than  by  the  lofty  walls  they  have  sometimes 
raised  to    defend  themselves  against  foreign  aggression. 
But  navigation  disturbs  this  Chinese  felicity,  and  inter- 
rupts a  repose  so  opposed  to  the  destinies  of  human  nature. 
A  vessel  unites  the  most  distant  regions  of  the  world; 
cities,  nay  even  whole  nations,  are  transported  to  other  cli- 
mates; the  tumult  and  the  hum  of  civilization  is  heard 
amongst  indolent  savages ;  an  universal  movement  pervades 
*     all  classes;  and  man  is  unconsciously  drawn  on  to  the  con- 
quest of  the  globe. 

The  fate  of  the  great  human  families  has  been  decided 
by  the  direction  which  they  took  in  their  emigration,  by 
the  nature  of  the  soil  which  they  occupied,  but,  above  all, 
by  the  positions  of  the  great  seas  of  the  globe,  and  tiie  ad- 
vantages which  men  were  able  to  derive  from  them.  Is 
not  the  perpetual  infancy  of  the  Chinese  chiefly  owing  to 
their  ignorance  of  the  art  of  navigation  i    On  the  contraiy, 
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if  the  Japanese  and  the  Malays  exhibit  a  character,  man-    book 
ly,  enterprising,  and  different  from  that  of  the  other  Asia-   ^^ui. 
tics,  it  was  formed  at  the  epoch  when  their  squadrons  tra-  -*""*~*' 
versed  the  great  eastern  Ocean,  which  is  at  present  filled  with 
their  colonies.    The  people  of  Africa  are,  as  it  were,  buried 
in  the  midst  of  a  great  continent,  destitute  of  gulphs  and 
arms  of  the  sea*    This  circumstance,  by  hindering  naviga- 
tion from  carrying  industry  thither,  has  powerfully  contri- 
buted to  bmtify  the  nations  of  that  continent    The  Euro- 
peans alone  were  called  by  Providence  to  extend  their  em- 
pire over  the  globe.    The  nations  who  have  peopled  Europe 
had  to  cross  the  mountains  of  Caucasus  and  of  the  Alps,  the 
Black  Sea,  the  Baltic,  the  Archipelago,  the  Adriatic,  and  the 
Mediterranean.    Obstacles  so  formidable,  retarded  them  at  cifUisa- 
first  in  their  progress ;  but,  at  the  same  time,  they  served  to  ^2?th» 
develope  and  to  fortify  that  character  of  activity  and  courage  Mediter- 
which  is  common  to  the  European  nations.    The  descend-  '*■•"• 
ants  of  Canaan,  the  Phenicians,  soon  lost  the  empire  of  the 
sea ;  Athens  rivalled  Tyre ;  a  Grecian  city  ruled  over  con* 
quered  Egypt;  Carthage    submitted   to    Rome;   Europe 
seized  the  sceptre  of  the  world.    At  this  first  epoch,  all 
civilization  was  collected  around  the  Mediterranean ;  it  was 
almost  the  only  sea  upon  which  there  was  any  navigation. 
A  second  epoch  commenced,  and  the  march  of  civilization 
was  still  intimately  connected  with  the  progress  of  naviga- 
tion.   The  compass  and  Columbus  appeared.    A  new  world 
saw  our  vessels  land  on  its  shores.    A  new  Europe  has  ari-  cifUisa- 
sen,  and  continues  to  advance  with  giant  steps  in  the  career  Jj^liS"^ 
of  improvement    The  Atiantic  ocean  has  become  what  the  AUanttc 
Mediterranean  was  before,  the  great  highway  and  thorough-  ^•*"* 
fare  of  civilized  nations. 

But  the  march  of  civilization  is  far  from  being  terminat- 
ed ;  the  wonders  we  have  witnessed  may  still  be  surpassed. 
The  Europeans  have  not  confined  themselves  to  the  shores 
of  that  Atlantic  ocean  which,  immense  as  it  appeared  to  thevi«irt 
Phenician  and  the  Greek  navigators,  is  only  an  arm  of  the^^**** 
sea,  compared  to  that  great  ocean  which,  under  the  names  ocean. 
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of  tiie  Indian,  the  Paciilc,  and  the  Eastern,  extends  from 
Toau*  pole  to  pole.  Hie  American  navigators  have  already  croes- 
""""^"^  ed  the  whole  of  this  aqaatic  hemisphere— already  British 
colonists  have  begun  to  settle  tiie  innnmerabfe  islands 
vrhtch  form,  to  the  sooth-east  of  Asia,  a  fifth  part  of  iifb 
world}  and  Anstralaaia,  the  most  delightful  coontry  of  the 
^obe,  will  probably,  ere  many  ages  pass  away,  have  reiach> 
ed  the  highest  pinnacle  of  civilization.  Let  another  Cad- 
mus carry  thither  that  torch  of  science  which  enlightons 
Europe !  Let  colonists,  fraught  with  our  learnings  fonnd  a 
new  Greece  in  Otaheite^  or  the  Pelew  Islands,  then  those 
rising  grounds,  which  now  produce  only  aromatic  herbs^  will 
be  covered  with  towns  and  palaces;  bays  now  shaded  by  a 
fi>rest  of  palms,  will  display  a  forest  of  masts ;  gM  and 
maible  will  be  extracted  from  the  bowels  of  mountains  as  yet 
untouched  by  the  miner ;  coral  and  pearis  will  be  draped 
from  the  bottom  of  the  sea  to  adorn  the  new  capitals;  and 
one  day,  perhaps,  Europe,  Asia,  Africa,  and  America,  will 
find  dangerous  and  successflil  rivals  in  countries,  whose  ex* 
istenoe,  at  fliis  moment  scarcely  occupies  their  attention. 

Thus,  in  the  history  of  the  human  race^  the  pas^  tte 
present  and  the  future,  are  connected  with  the  position  of 
the  great  seas  of  the  globe,  and  with  the  progress  of  navi- 
gation. 
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I. 


COMPARISON  OF  FRENCH  AND  ENGUSH  WEIGHTS  AND  MSA- 

SURES. 


VmU  'wUch  form  the  Bases  of  the  JWw  French  8y$tim 
compared  with  the  Weights  and  Measures  of  England. 


The  Me(re  s 

Are  s 

Utre  « 

Stere  s 

Gramme         s 
Gramme  abo  s 


English. 

3,2809167  feet,  or  39,371  inches. 

1076,441  sqatve  feet. 

61,028  cabic  inches. 

35,317  cubic  feet. 

1 5,444 1  grains  troy. 

5,6481  drams  avoirdupois. 


Aew  Wrights  and  Measures  of  France  compared  with  the  Old  and 
also  with  English  Weights  and  Measures. 


Linear  Measure. 
pTench  Feet. 

Distance  from  the  ) 

Eqnator  to  the}  30784440 

Pole  ) 

Degree  (centesimal)  307844,4 

Hyriametre  30784,44 

Kilometre  3078,444 

Hectometre  307,8444 

Decametre  30,78444 

Mktbr       .  3,078444 


English  Feet. 
32809167 

328091,67 
32809,167 
3280,9167 
328,09167 
32,809167 
3,2809167 
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Lines  French, 

Lines  English. 

Decimetre 

44,3296 

47,2452 

Centimetre 

4,43296 

4,72452 

MUUmetre 

0,443296 
Square  or  Superficial  Meamre. 

0,472452 

French  Square  Feet.                       English  Square  Feet. 

Miiiare    . 

9476817,461 13                       10764414,3923 

Kilare      . 

947681,746113                       1076441,43923 

Hectare   . 

94768,17461 13                       107644,143923 

Decare     . 

9476,81746113                       10764,4143923 

Are 

947,681746113 

1076,44143923 

Declare  . 

94,7681746113 

107,644143923 

Centiare  . 

9,47681746113 

10,7644143923 

Square  Inches. 

Square  Inches. 

Sqoare  Decimetre                          13,646617 

15,500756 

Square  Lines. 

Square  Lloea. 

Sqoare  Centimetre                          19,651134 

22,321088 

Square  Millimetre          .     .             0,19651134      0,2232108 

Meatures  of  Capaeiiy, 

French 

Rnglish 

cubic  feet. 

cubic  feet. 

MyriaUtre 

291,738519 

353,1714693 

KUolitre 
Metre  cqIk 

,1                              29,1738519 

35,31714693 

Hectolitre 

2,91738619 

6,531714693 

Cubic  inches. 

Cubic  inches. 

Decalitre 

504,124160 

610,280264 

Litre  oa  Decimetre  cube     '     50,4124160 

61,0280264 

DeciUtre 

5,04124160 

6,10280264 

Cubic  lines. 

Cubic  lines. 

Centilitre 

871,126926 

1054,564296 

The  litre,  which  is  the  unit  for  measures  of  capacity  =  2,113 
English  pints,  wine  measure ;  and  therefore  the  Hectolitre  equals 
26,4  such  gallons — 35  litres  s  a  Winchester  bushel 

Solid  or  Cuhic  Measures. 

French  cubic  feet.    English  cubic  feet. 
Decastere    ....        291,730519  353,1700 

Stcre  (metre  cube)  29,1738519  35,3170 

Decistere       ....  2,91738519  3,5317 

This  measure  is  used  for  fire-wood,  stone,  &c.  The  store  is 
the  same  as  the  kilometre  in  the  preceding  measure. 
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Weights. 

Folds  de  Marc.  Eoglish  Troy  weight. 

Uvrei.    on.  groi.  grains.  lb.    oz.   dr.    gr. 

SKof^ter  \    *0«    ^*    0  »*             268'  3  6    2, 

Myriagramme            20     6    6  63,5             26  9  15    1,46 

Kilc^rramme    -            2     0    5  35,15              2  8  3  12,146 

Hectc^^mme    -    -            3    2  10,715                3  4    8,414 

Decagramme     ...            2  44,2715  6  10,441 

GiUMiiE 18,82715                       15,4441 

Decigramme 1,882715                     1,54441 

Centigramme 0,1882715                   0,15444 

French  New  Meamrt  of  Time  compared  with  the  Old  or  Usual 

System. 

Old  valiM. 

New  diTision.  B.    M.  8. 

1  second         -  -  0    0  0.864 

100  seconds,  1  minute        -  -  0    1  26.4 

100  minutes,  1  hour  -  -  2  24     0. 

10  hours,     1  day  •  -  24    0     0. 

Reversed, 

^ew  value. 
Old  or  usual  Division.  H.    M.    s. 

1  second        -        -  0    0     1.1574 

60  seconds,  1  minute         -        -  0  69  54.4 

60  minutes,  1  hour  -  -  1  15  74. 

24  hours,     1  day     -        -        -  10    0    0. 

French  New  Measure  of  ike  Circle  compared  with  the  old  or  Com' 
mon  System. 

New  division.  Old  value. 

100  seconds,  1  minute  of  space,  0^    0^    32"f 

100  minutes,  1  degree,  0    54     0 

100  degrees,  1  quadrant,  90      0     0 

400  degrees,  1  circle,  360      0     0 

Reversed. 

Old  division.  New  value. 

60  tierces,  1  second,  0^    O'    3"-f^ 

60  seconds,  1  minute  of  space,  0      1      85^ 

60  minutes,  1  degree,  1    11  11^ 

90  degrees,  1  quadrant,  100     0     0 

4  quadrants,  or  360^,  1  circle,  400     0  0 

TOX.  I.  39 
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Old  fFeighU  and  Mauurei  of  France* 

Long  Heabure.— The  toise  or  fathom  of  France  is  eqoal  to 
six  feet  French,  the  foot  to  12  inches  French,  and  the  iiidi  to 
12  lines,  each  subdiyided  into  It  points;  76  Freadi  feel  are 
nearly  equal  to  81  English  feet^  or,  more  accurately,  40,00(1 
French  feet,  inches,  or  lines,  eqaal  42,638  English  feet,  inches 
or  lines.  Thus  1  French  foot  equals  1.06597  English,  «r  12, 
78934  English  inches  ;  and  hence  one  English  foot  equals  11,26 
French  inches.    The  Paris  aune  was  46^  English  inches. 

In  the  old  French  road  measure,  the  lieue,  or  league,  is  two 
French  miles,  each  mile  1000  toises;  hence  the  French  league 
equals  two  English  miles,  three  furlongs,  and  15  poles. 

The  French  league,  however,  in  different  parts  of  France, 
has  been  applied  to  different  distances.  The  SMiine  league, 
(20  to  a  degree,)  equals  2853  toises,  or  6081  Englisb  yaHs ;  and 
the  astronomical  league,  (25  to  a  degree,)  equals  2282-^  French 
toises,  or  1865  English  yards. 

The  arpent,  or  acre  of  land,  contained  in  general  100  square^ 
perches;  but  the  perch  varied  in  different  provinces. 

The  old  French  weight  for  gold  and  silver  (called  poids  de 
marc,)  makes  the  pound  or  liver  contain  2  marcs,  16  onces,  128 
gros,  384  dencers^  or  9216  grains. 

The  French  marc  =5  3780  grains  Troy  weight. 

For  commercial  weight,  the  poids  de  marc  was  IBtewise  used, 
and  the  quintal  of  100  livers  ss  108  lb.  avoirdupois,  very  nearly. 

Weights  and  measures,  however,  varied  coaaiderabiy  in  the 
difi*erent  provinces. 

Com  metuure  was  the  muid  of  12  setters,  24  asbieti  48  minots, 
or  144  bushels. 

Wine  measure  was  the  muid  of  36  setiers,  144  quartos,  or  288 
pints. 
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IL 


SptopHeal  Table  of  the  Planetarif  System.* 


Diftnetert  and  buU 

.:  those  of  the  earth  considered  as  unity. 

DiuMler 

. 

Bulk  or  Value. 

TheStm 

- 

111.45          -   1, 

384,462. 

UtTCuty 

- 

0.4012     - 

0.06456 

Venus 

. 

0.9693    - 

0.8902 

The  Earth 

« 

1. 

• 

I. 

The  Moon 

- 

0.2731    - 

0.02036 

Mars 

- 

0.5199    - 

0.1406 

Vesta 

• 

0.4 

. 

.  -  , 

Judo 

- 

0.1 

- 

-  .  .  -■ 

Ceres 

- 

0.3076    - 

0.02913 

Pallas 

- 

0.154      - 

0.00365 

Japiter 

- 

10.862      - 

1.28K 

Saturn 

• 

9.983      - 

.995 

Uranus 

- 

4.332       - 

80.49 

Rotation^  or 

Sidereal  Day. 

Flattening 

at  the  Poles. 

Hmbs. 

JiOa. 

Se>. 

Mercury 

• 

24 

5 

28 

- 

Venus 

. 

23 

21 

0 

. 

The  Earth 

• 

23 

56 

4 

•       -       -Th 

Mars 

. 

24 

39 

21 

'       -U 

Jupiter     - 

. 

9 

56 

0 

-  -  s 

Safnm  $  Herwshel 

I 

10 

16 

0 

■    20.91  :  22.81 

Sat^ni  Jcalandillo 

11 

39 

0 

13.3    :  16.1 

Tropica/, 

Sidereal 

«b 

imn 

Hn. 

Mia.      See. 

Oqrt 

Bn.      Mb.      •«. 

Mercujy 

0 

87 

23 

14 

32.7 

87 

23      15    43.6 

Venus 

0 

224 

16 

41 

27.6 

224 

16      49     10.6 

The  Earth 

1 

0 

5 

48 

48 

365 

6        9       8 

Mars 

1 

321 

22 

18 

27.4 

686 

23      30     35.6 

Vesta 

3 

240 

« 

. 

• 

- 

. 

Juno 

4 

130 

. 

. 

- 

. 

.       . 

Ceres 

4 

221 

. 

. 

• 

. 

-       • 

Pallas 

4 

241 

17 

. 

. 

- 

.       . 

Jupiter 

11 

315 

14  39 

2 

4,332 

14      27     10.8 

Saturn 

29 

161 

19 

16 

15.5 

10,759 

1       51     11.2 

Uranus 

83 

294 

8  39 

. 

30,689 

-      29      . 

*  Laplace,  Systime  du  Monde.    Biot,  Astronomie  Physique. 


612  TABUI8. 

Half  the  greater  Axii  of  the  OrbiU  of  the  PlaneU;  orOuirmean  it»- 
'  ianees  from  the  Sim,  tfi  Myriametruj  each  eontainimg   32809 
Engliikfeet. 


Mercury,  -        -                 -        -  6917938 

Venus, 11058215 

The  Earth,  .        ^        .        .        •  16287873 

Mars,  23294021 

Vetta, 36278123 

Judo,  .        .        .        ^        ^  40619979 

Ceres, 42282000 

Pallas,* 42666000 

Jupiter, 79511907 

Saturn, 145836700 

Uranus, 291720130 

The  relative  proportion  of  the  eccentricity  to  the  half  of  the  greaUr 

axii. 

Mercury, 0.205523 

Venus, 0.006885 

The  Earth, 0.016814 

Mars,  0.093088 

Ceres,  -        -  .        .  0.082601 

Pallas, 0.2463 

Jupiter, 0.048077 

Saturn, 0.056223 

Uranus, 0.046683 

Inclinatum  of  the  OrUt  to  the  EcUptie. 

Mercury, 6^  35'  30" 

Venus, 3  23  10 

The  Earth, 0  0  0 

Mars,  1  50  47 

Ceres,  -        -        -        .        -  10  36  57 

Pallas, 34  50  40 

Jupiter, 119  38 

Saturn, 2  30  40 

Uranus, 0  46  12 

*  The  eccentricity  q(  Pallat  prOTee,  that,  notwithstanding  the  identity  almost 
of  its  mean  distance  with  that  of  Ceres,  the  orbiu  of  these  two  planets  are  yery 
distant  from  each  other  at  their  aphelion  and  perihelion.  Between  these  points* 
the  orbiu  intersect  each  other.  Pallas  eomettmes  approaches  Jupiter  and  i 
times  Mars. 


TAB£BS. 
III. 

Table  of  Climates. 
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Climatos  of 
Half  an  Hour. 

Longeit  Day. 

Latitude. 

Extent  of  Climates. 

TkeirJ>runiber. 

Houn,      JUtn. 

Degrees, 

Jlftn. 

Degrees, 

Min. 

0 

12            0 

0 

0 

0 

0 

1 

12         30 

8 

34 

8 

34 

2 

13           0 

16 

43 

8 

9 

3 

13         30 

24 

10 

7 

27 

4 

14           0 

30 

46 

6 

46 

6 

14         30 

36 

28 

5 

42 

6 

15           0 

41 

21 

4 

53 

7 

15         30 

45 

29 

4 

8 

8 

16           0 

48 

59 

3 

30 

9 

16         30 

51 

57 

2 

58 

10 

17           0 

54 

28 

2 

31 

11 

17         30 

56 

36 

2 

8 

12 

18           0 

58 

25 

1 

49 

13 

18         30 

59 

67 

1 

32 

14 

19           0 

61 

16 

1 

19 

15 

19         30 

62 

24 

1 

8 

16 

20           0 

63 

20 

0 

56 

17 

20         30 

64 

8 

0 

48 

18 

21           0 

64 

48 

0 

40 

19 

21         30 

65 

20 

0 

32 

1         20 

22           0 

65 

46 

0 

26 

21 

22         30 

66 

6 

0 

20 

22 

23           0 

66 

20 

0 

14 

23 

23         30 

66 

28 

0 

8 

24 

24           0 

66 

32 

0 

4 

CKmates  of 
Monthf. 

Longest  Day. 

Latitude. 

Extent  of  Climatei. 

ThtirJ^nmiber. 

AjegreeSm 

JVtn. 

Degrees. 

Jlftn. 

1 

1 

67 

23 

0 

51 

2 

2 

69 

10 

2 

27 

3 

3 

73 

39 

3 

49 

4 

4 

78 

31 

4 

62 

i          ^ 

5 

84 

5 

5 

34 

1          6 

6 

90 

0 

5 

55 

JV;  ^.—We  do  not  in  tliese  Tables  take  any  noUce  of  the  effects  of  the  ttf 
fraction,  which  increases  the  duration  of  the  day,  particularly  towards  the  poles. 
Under  the  pole  itself  the  refraction  alone,  independent  of  the  twilight,  Increases 
the  day,  which  is  sis  months  long  67  hours. 
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TABKBI. 


IV. 

Table  of  ike  Decreoit  of  the  Dt^eee  qf  Longitude,  ae« 
cording  to  the  ancient  or  nonagesimal  graduoHom,  the 
Earth  being  tupposed  to  be  sphericaL 


Dcgraeof 

Degree  of 

Degree  of 

Lati- 

Longitude. 

Lati- 

Lonsitttde. 

Lati- 

LoDgitttde. 

tudes. 

In  toi- 
Msore 

In 
nauti- 
cal 
miles. 

tudes. 

In  toi. 
sesof6 

In 

nauti- 
cal 

tndes. 

Itttoi- 
seeofe 

In 

naati. 

cal 

ft.Fr. 

ft.  Fr. 

miles. 

ft.  Fr. 

Bilee. 

0 

67050 

60.00 

31 

48901 

61.43 

61 

27669 

29.09 

1 

67041 

59.99 

32 

48381 

50.88 

62 

26784 

28.17 

2 

57015 

59.96 

•     33 

47846 

50.32 

63 

25904 

27.24 

3 

66972 

59.92 

34 

47298 

49.74 

64 

26010 

26.30 

4 

60911 

59.85 

36 

46732 

49.15 

66 

24110 

26.36 

5 

56833 

59.77 

36 

46164 

48.64 

66 

23204 

24.41 

6 

56738 

59.67 

37 

46562 

47.92 

67 

22291 

23.44 

7 

66626 

59.66 

38 

44956 

47.28 

68 

21371 

22.48 

8 

66496 

59.42 

39 

44337 

46.63 

69 

20445 

21.60 

9 

66347 

59.26 

40 

43703 

45.96 

70 

19612 

20.62 

10 

66183 

69.09 

41 

48066 

46.28 

71 

18673 

• 
19.63 

11 

66002 

58.89 

42 

42397 

44.69 

72 

17629 

18.64 

12 

65803 

58.69 

43 

41726 

43.83 

73 

16679 

17.54 

13 

65687 

58.46 

44 

41038 

43.16 

74 

16724 

16.54 

14 

&5a66 

68.22 

46 

40340 

42.43 

76 

14764 

16.63 

16 

66106 

57.96 

46 

39630 

41.68 

76 

13801 

14.61 

16 

64840 

57.67 

47 

38908 

40.92 

77 

12833 

13.60 

17 

54667 

57.38 

48 

38174 

40.16 

78 

11862 

12.48 

18 

64267 

57.06 

49 

87429 

39.36 

79 

10886 

11.46 

19 

63941 

66.73 

50 

36671 

38.67 

80 

9907 

10.42 

20 

63609 

66.38 

61 

36902 

37.76 

81 

8924 

9.38 

21 

53260 

66.01 

62 

35123 

36.94 

82 

7941 

8.36 

22 

52895 

65.63 

53 

34333 

36.11 

83 

6953 

7.32 

23 

52514 

65.23 

64 

33532 

35.27 

84 

6963 

6.28 

24 

52117 

54.81 

55 

32722 

34.41 

86 

4972 

5.23 

25 

51705 

64.38 

66 

31902 

33.55 

86 

$980 

4.18 

26 

51276 

63.93 

57 

31076 

32.68 

87 

2986 

3.14 

27 

50832 

53.46 

58 

30231 

31.79 

88 

1991 

2.09 

28 

50372 

62.97 

59 

29384 

30.90 

89 

996 

1.05 

29 

49897 

62.47 

60 

28526 

30.00 

90 

0 

O.OO 

30 

49406 

51.96 

TAB£B8. 
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TMt  of  the  Dmtase  of  the  BegrU9  of  Lo^^tude,  aeomL' 
mg  to  the  Mw  or  CenienmiA  OniuaHan,  the  Earth 
heif^  conddered  as  SphericaL 


Latitude. 

Degree  of 

Liatitude 

Latitude 

Degree  of 

Longitude. 

Lortgitude* 

Longitude. 

Deg» 

KiUmelrtM. 

Deg. 

KiUmetru. 

Deg. 

KiloKMint. 

0 

100,000 

34 

86,074 

68 

48,175 

1 

99,988 

35 

85,264 

69 

46,793 

2 

99,951 

36 

84,433 

70 

46,339 

3 

99,889 

37 

83,581 

4 

99,803 

38 

82,708 

71 

43,994 

5 

99,692 
99,556 

39 

81,815 

72 

42,578 

6 

40 

80,902 

73 

41,161 

7 

99,396 

74 

39,116 

8 

99,211 

41 

79,968 

75 

38,268 

9 

99,002 

42 

79,015 

76 

36,812 

to 

98,769 

43 

78,043 

77 

36,347 

44 

77,051 

78 

33,874 

n 

98,511 

45 

76,040 

79 

32,392 

12 

98,229 

46 

75,011 

80 

30,902 

13 

97,922 

47 

73,963 

14 

97,592 

48 

72,897 

81 

29,404 

16 

97,237 

49 

71,813 

82 

27,899 

16 

96,858 

50 

70,711 

83 

26,387 

17 

96,456 

84 

24,869 

18 

96,029 

51 

69,591 

85 

23,344 

19 

95,579 

52 

68,456 

86 

21,814 

20 

95,106 

63 

67,301 

87 

20,279 

54 

66,131 

88 

18,738 

21 

94,608 

65 

64,946 

89 

17,195 

22 

94,088 

56 

63,742 

90 

16,64S 

23 

93,544 

57 

62,524 

24 

92,978 

58 

61,291 

91 

14,090 

25 

92,388 

59 

60,042 

92 

12,533 

26 

91,775 

60 

58,778 

93 

10,973 

27 

91,140 

94 

9,411 

28 

90,483 

61 

57,500 

95 

7,846 

29 

89,803 

62 

56,208 

96 

6,279 

30 

89,101 

63 

54,902 

97 

4,711 

64 

53,683 

98 

3,141 

31 

88,377 

65 

52,250 

99 

1,571 

32 

87,631 

66 

50)904 

100 

0,009 

33 

86,863 

67 

49,646 

616 
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VI. 

TaUe  of  the  JDecrease  of  the  Degrees  ofLongiiudef  aetordimg 
to  the  Mw  or  Centesimal  scale,  the  Earth  bang  supposed 
to  be  a  Spheroid,  flattened  3^. 


Latitude 

Degree  of 

Latitude 

Degree  of 

Latitude 

Degree  of 

Longitude. 

Longitude. 

Longitude. 

D^. 

Metres. 

Deg. 

Metres. 

Deg. 

Metres. 

0 

100149.4 

34 

86269.4 

68 

48368.3 

1 

100137.1 

35 

85461.0 

69 

46972.4 

2 

100100.3 

36 

84631.4 

70 

46674.8 

3 

100038.9 

37 

83780.9 

4 

99953. 

38 

82909.7 

71 

44166.9 

6 

99842.5 

39 

82018.1 

72 

42746.0 

6 

99707.6 

40 

81106.2 

73 

41316.8 

7 

99548.2 

74 

39874.4 

B 

99364.3 

41 

80174.1 

76 

38423.4 

9 

99156.2 

42 

79222.3 

76 

36962.8 

10 

9b923.6 

43 

78250.9 

77 

36493.0 

44 

77260.1 

78 

34014.2 

11 

98666.8 

45 

76250.1 

79 

32627.0 

12 

98385.8 

46 

76221.3 

80 

31031.6 

13 

98080.6 

47 

74173.8 

14 

97751.3 

48 

73108.0 

81 

29628.5 

16 

97398.1 

49 

72024.0 

82 

28017.9 

16 

97020.9 

50 

70922.1 

83 

26600.3 

17 

96616.9 

84 

24976.1 

IB 

96196.1 

51 

69802.6 

86 

23446.6 

19 

95746.8 

52 

68665.8 

86 

21909.2 

20 

96274.9 

53 

67612.0 

87 

20367.3 

54 

66341.3 

88 

18820.3 

21 

94779  6 

55 

65154.2 

89 

17268.6 

22 

94260.9 

56 

63950.9 

90 

16712.6 

23 

93719.1 

57 

62731.7 

24 

93154.2 

58 

61496.8 

91 

14162.6 

25 

92566.4 

59 

60246.7 

92 

12689.0 

26 

91965.8 

60 

58981.6 

93 

11022.3 

27 

91322.6 

94 

9462.9 

28 

90666.4 

61 

57701.6 

95- 

7881.0 

29 

89988.9 

62 

56407.4 

96 

6307.2 

30 

89288.6 

63 

55099.1 

97 

4731.8 

64 

53777.1 

98 

3166.7 

31 

88566.4 

65 

62441.7 

99 

1677.8 

32 

87822.4 

66 

61093.1 

100 

0.0 

33 

87056.7 

67 

49731.8 

TABI.B8. 
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VIL 

OJ  the  Decrease  of  the  Degrees  of  Latitude,  according  to  the 
JflBW  or  Centesimal  8cale,  the  Earth  being  supposed  to  be 
a  spheroidf  flattened  ^^ 


Latitude 

Degree  of 

Latitude 

Degree  of 

Latitude 

Degree  of 

Latitude. 

Latitude. 

Latitude. 

Deg. 

MeireM, 

Deg. 

Metres. 

Deg. 

Metres. 

0 

99552.5 

34 

99789.7 

68 

100245.9 

1 

99652.9 

35 

99802.2 

69 

100267.6 

2 

99653.8 

36 

99814.9 

70 

100269.0 

3 

99555.1 

37 

99827.8 

4 

99656.9 

38 

99840.9 

71 

100280.2 

5 

99659.0 

39 

99854.1 

72 

100291.1 

6 

99661.8 

40 

99867.6 

73 

100301.7 

7 

99564.7 

74 

100312.0 

8 

99568.2 

41 

99881.0 

76 

100322.0 

9 

99572.1 

42 

99894.6 

76 

100331.7 

10 

99676.4 

43 

99908.3 

77 

100341.1 

44 

99922.1 

78 

100360.1 

11 

99681.2 

46 

99936.0 

79 

100368.8 

12 

99686.3 

46 

99960.0 

80 

100367.2 

13 

99691.8 

47 

99964.0 

14 

99697.8 

48 

99978.0 

81 

100375.1 

16 

99604.2 

49 

99992.1 

82 

100382.7 

16 

-99610.9 

60 

100006.2 

83 

100389.9 

17 

99618.0 

84 

100396.8 

18 

99626.4 

61 

100020.3 

85 

100403.2 

19 

99633.4 

62 

100034.4 

86 

100409.3 

20 

99641.6 

53 

100048.4 

87 

100414.9 

64 

100062.4 

88 

100420.1 

21 

99650.2 

66 

100076.3 

89 

100424.9 

22 

99659.1 

66 

100090.2 

90 

100429.3 

23 

99668.4 

67 

100103.9 

24 

99678.0 

68 

100117.6 

91 

100433.2 

25 

99687.9 

59 

100131.2 

92 

100436.8 

26 

99698.1 

60 

100144.6 

93 

100439.9 

27 

99708.6 

94 

100442.6 

28 

99719.4 

61 

1001B7.9 

96 

100444.7 

29 

99730.6 

62 

100171.0 

96 

100446.6 

30 

99741.9 

63 

100184.0 

97 

100447.8 

64 

100196.8 

98 

100448.7 

31 

99763.6 

66 

100209.4 

99 

100449.2 

32 

99765.3 

66 

100221.7 

100 

33 

99777.4 

67 

100233.9 

VOL.  T. 
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TABI.B8. 

VIII. 


ComparaUve  View  cf  lAnear  Meamres,  called  (w  etpAtaUtt 

to  J  Fed, 


Deci- 

States  and  Towns. 

Measuras. 

Lines. 

metresL 

Amsterdam 

Voet        - 

125.5 

2.83 

Aueabourff 

Stadt,  or  Werk-Schu 

131.3 

2.97 

Bile         .        .        . 

Stadt,  or  Feldt-Schu 

132.2 

2.98 

Batavia    - 

Voet 

139.1 

3-14 

BertiD      .        -        - 

„.<  of  Berlin 
*^**  \  of  the  Rhine  - 

137.3 
139.1 

3.10 
3.14 

Brabant    - 

Foss         .        -        . 

126.6 

2.86 

Cadix       - 

Pie           ... 

125.3 

2.83 

C 

FootoftheMercliants 

150 

3.38 

China        -        -         < 

Mathematical  foot     • 

147.7 

3.35 

Ch6  or  Carpenter^s  foot 

143.1 

3.23 

( 

Land-surveyor^s  foot 

141.7 

3.19 

Copenhagen     - 

Fod          -        -        - 

139.1 

3.14 

Cracovia  - 

Foot 

158 

3.56 

Dantzick  - 

Fuss 

127.2 

2.86 

Daupbine 

Pied 

151.1 

3.41 

Dijon 

Pied 

139.2 

3.15 

Dresden  .        -       - 

Fuss         -        -        - 

125.5 

2.83 

France     -        -          ■* 

Pied  de  Roi      - 

144 

3.25 

Decimetre        -        -    , 

44.33 

1 

Frankfort  on  the  Maine 

Fuss      .     .     -  ; 

127 

2.86 

Franche  Comt6 

Pled 

158.3 

3.57 

Genoa      -        -        - 

Palmo      - 

111.3 

2.51 

Hainbargh 

I7.t«  S  ®^  Hambargh 
*"^  ^  of  the  Rh&ne 

127 
139.1 

2.86 
3.14 

Leipzic    - 

Lisbon      -        -        - 

Fuss 

125.3 

2.83 

Palmo      - 

96.9 

2.18 

London     ... 

Foot 

135 

3.05 

Lorraine  -        -        - 

Pied 

129.2 

2.92 

Lobeck    - 

Fuss         -        .        - 

129 

2.91 

/ 

Codo 

187.9 

4.2$ 

Madrid     -        -          \ 

Pies 

125.3 

2.83 

"■""  |S3!     : 

93.97 
31.32 

2.11 
0.7« 

Malacca  -        -          \ 

Common  foot  - 

139.1 

3.14 

Carpenter's  foot 

127.5 

2.87 

Messina    - 

Palmo      - 

107.3 

2.42 

Milan       -        -        . 

Palmo      - 

176 

3.97 
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YUL—Cimiinued. 


States  and  Towns. 

Measures. 

Lines. 

Deei- 
meues. 

Uxadch 

Fuss 

128.2 

2.89 

Naples 

Palmo   . 

116.5 

2.63 

Normandy   . 
Norway 

Pied 

132 

2.98 

Fod               .     [ters 

139.1 

3.15 

Nuremberg 

Stadt-Schu  of  Carpen- 
Werk-Schu  of  Masons 

134.7 
123.6 

3.03 
2.78 

Padaa 

Palmo 

189.9 

4.28 

parifl 
Palermo 

FiedMle-Rol 

144 

3.25 

Palmo,  ancient 

107.3 

2.42 

mr% 

i?„-  $  of  Bohemia 
^"^  ^ofMoraTia 

131.4 

2.97 

Prague 

131.2 

2.96 

Riga    .        . 

Fuss 

125.5 

2.74 

Rome 

Palmo 

130.6 

2.94 

Raaaia 

Foot 

135 

3.05 

Bardioia       . 

Palmo 

110.1 

2.48 

Sweden 

Fot 

131.6 

2.97 

Switeerland 

Fuss 

133 

3.00 

Stuttgard     . 

Fuss 

126.8 

2.85 

Turin 

Palmo 

227.7 

5.13 

VTenice 

Palmo 

153.7 

3.46 

Vienna 

• 

Fuss 

143 

3.23 

Warsavir,  duchy  of, 

Fuss 

158 

3.56 
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IX. 

Jl  comparative  Vitw  of  the  Jgrarian  Meaturee  u$ed  in  the 
principal  8tate$  of  Buropef  in  ancient  French  tqnare 
Feetf  (pieds  de  roi,)  compared  with  the  Arpent  fixed  hf 
the  Oavemment  for  meaenring  the  Lakes  and  Forests, 
and  with  the  Hectaref  or  new  Jgrarian  Measure  ef 
France* 


States  and  Placet. 

Square 
Feet. 

Arpenti. 

Hectares. 

Alsace,       Morgen 

19.045 

0.39283 

0.2009 

Austria,      Jochart 

64.671 

1.12750 

0.5758 

Bavaria,     Jucbart 

31.700 

0.65495 

0.3346 

( 

104.864 

2.16640 

1.1064 

Denmark,  Toende  Hartkom           I 

to 

\ 

210.614 

4.34946 

2.2213 

England,     Acre    .... 

38.376 

0.79289 

0.4049 

'  Arpent  of  lakes  &  forests* 

48.400 

1.00000 

0.5107 

Arpent  of  Paris     . 

32.400  10.66941 

0.3418 

France, 

i  Arpent,  common 

40.000 

0.82646 

0.4220 

'   « 

Hectare 

94.768 

1.96801 

1.0000 

.Aret    .... 

00.9471 

0.01958 

O.OIOO 

[Vorllng 

Drobn 

fMorffen 

12.326 

0.25467 

0.1300 

Hanover  < 

18.490 

0.38202 

0.1951 

24.663 

0.60935 

0JE601 

Holland,     Morgen 

77.016 

1.69124 

0.8126 

(Rabbio    . 

178.138 

3.61857 

1.8480 

Rome  I  Quarta    . 

43.784 

0.90464 

0.4626 

(  Pezza     , 

S6.020   0.51694 
7.127   0.14725 

0.8639 

Italy, 

Milanese,  PerHa  . 

0.0752 

Naples,  M  oggia    . 

31.679   0.65453 

0.3342 

Tn«r»nv   J  Saccate      . 
Tuscany   ^^^^^^ 

46.986   0.97078 

0.4957 

6.546   0.11459 

0.0585 

^Venice,  1000  Pasai 

28.456   0.38792 

0.90Q2 

*  This  Arpent  contained  |00  square  perches  of  92  feet  square,  or  484  sqvaro 
et. 


feet, 

t  The  Are,  which  is  the  unity  of  the  new  French  agrarian  measures,  is  eqaal 
to  ten  metres,  or  one  square  decametre,  that  is,  a  space  containing  one  hundred 
square  metres.  The  Hectare  is  a  space  containing  100  ares,  or  a  square  hsc* 
tometre. 

In  comparing  the  new  and  old  measures  of  France,  we  malm  use  of  the  lbl« 
lowing  approximations. 

r  24  ^  47  ArpenU  of  lakes  and  forests. 

f  37  «=  79  Arpents  of  Farts,  of  18  Aet  to  the  perch. 

\  19  =9  45  Arpents,  common,  of  SO  feet  to  the  perch. 

f  67  =  83  Ares  of  fformandr,  of  160  perches  of  23  feet  each, 
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IX— Cofitinti^ 


States  and  Places. 

Square  FeeU 

Arpents. 

Hectares. 

Lorraine,  Joarnal 

40.328 

0.83323 

0.4266 

Piedmont,  Giornata 

36.006 

0.74390 

0.3799 

^  Great  Hufe  . 

1,613.130 

33.32913 

17.0218 

VHakenhufe   . 

107.642 

2.22196 

1.1347 

Pronia    ^Landhufe 

63.771/ 
63,771  S 
24.197 

1.11097 
0.49993 

0.6674 
0.2663 

RuMia,       Dasaetina 

109.782 

2.26766 

1.1684 

Saxony,     Acker  • 

62.247 

1.07948 

0.6513 

(Yagada 

1,346.032 

27.78993 

14.1928 

8p-^  jSSSa.  : 

32.621 

0.67191 

0.3431 

196.124 

4.03149 

2.0589 

\  Aranzada 

10.781 

0.22274 

0.1137 

Swabia,      Jonchart 

13.299 

0.27477 

0.1403 

Sweden,     Tanna-land  . 

46.773 

0.96639 

0.4935 

Switzer-^^™'-^"^*^*^; 

for  woods 

36.6861 

0.76756 

0.3869 

for  land 

32.692 

0.67338 

03439 

^^»   ^  Zurich,  Juchart 

for  land 
for  woods 

30.711 
34.12 

0.63462  0.3240 
0.70496  0.3600 

l!yrpl,       Jauch,  orJanchart 

40.999 

0.84707   0.4326 
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Meile  of  Prussia, 

Lieue  of  ProTonce, 

Werste,  common  of  Russia, 

Werste,  fixed  of  Russia, 

Werste  of  M.  Trescot  of  Russia, 

Mile,  geographical  of  6  werstes,  . 
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XL 


Jl  TiMe  of  the  different  Mtaturt*  of  JSntijuity. 


Itinerary  Measure!. 

French  Measures.    | 

Kilo- 
metres. 

Metres. 

The  Schoene  of  middle  Egypt,  . 

The  SchoBDe  of  the  Thebaide^or  the  In-1 

20. 

dian  6au,  known  under  the  name  of  > 

Stathma ) 

10. 

The  Schoene  of  the  Delta  »  9,600  paces 

6.66 

The  Parasanff  =  7,200  paces    . 
The  Indian  Cosi  =  3,600  paces 

5. 

2.66 

The  Egyptian  Mile  =  2,880      . 

2. 

The  Persian  or  AsiaUc  Mile 

1.5 

The  Hebrew  Mile 

1.166 

The  Pythian  or  Delphic  Stadium 

.      . 

148*148148 

The  mean  Stadiam,  called  also  the  Nan-  > 
tical  or  Persian             .  ^     .        .      ) 

• 

166.4 

The  great  Alexandrian  or  Egyptian  Stadium 
The  Phileterian  or  Royal  Stadium     . 

•     • 

222.22 

,     , 

210.14 

The  Grecian  Olympic  Stadium 

,     , 

186.37 

The  Stadium  of  Eratosthenes     . 

#     * 

169.2 

The  Stadium  of  Cleomenes 

•      . 

133.47 

The  Stadium  of  Aristotle,  or  small  Stadium 

•     . 

99.8 

Linear  Meaiures. 

Metres. 

MilUmeUes. 

The  royal  Cubit  of  Babylon 

468.8 

The  mean  Cubit 

416.66 

The  Pygon  or  Palmipes    .... 

347.22 

The  Pythian  or  Delphic  foot     . 

277.77 

The  Palmus  Major 

086.8 

The  common  Palm,  or  Palestum 

069.3 

The  Inch,  or  Uncia  of  the  geometrical  foot 

023.1482 

The  Dactylus  or  Digit      .... 

017.361 

The  Olympic  Hecatonpede 

30. 

864. 

The  Exapode 

861. 

1 

TABLES. 


627 


Xl^^^Continued. 


Linear  Iftasuref. 

Metiei. 

Millimetres. 

The  cubit,  of  18  Olympic  inches, 

The  Olympic  foot, 

The  ezapode  of  six  Roman  feet, 
The  great  pace  (jt^m)  of  fiye  Roman  feet. 
The  common  pace,  of  two  Roman  feet. 
The  Roman  foot, 

1. 
1. 

463 
308.6 

Square  Metres. 

The  PletheronsslOO  square  Olympic  feet,  - 
The  Ezapodes36  square  Olympic  feet,     • 
The  Saltus  of  four  Centuries,    -        -        - 
The  Century  of  100  Heredies,  - 
TheHeredy  oftwo  Jugera,      ... 
The  Jugerum  of  800  Exapodes, 

9.526 

3.429 
20.22716 
50.5679 
5056.79 
2528.395 
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XII. 

Comparatvoe  Vitw  of  the  Prindpal  Winds, 
COMPASS  OF  FOUR  WINDS. 


Grecian  Namet. 


Boreas 
Euros 
Notos 
Zephjros 


Modern  Namet. 


Situation 
upoq  the 
Compan. 


North 
East  • 
Sooth 
Wett 


Degreea. 

0 

90 

180 

270 


Sc6  HOBieri 
OdT«.b.T.U 


COMPASS  OF  EIGHT  WINDS. 


Grecian  or  Roman  Names. 


Boreas;  Aparctias;  Septentrion 
CflBSias ;  Aquilo ;  rsometimes  Boreas) 
Apeliotes ;  Subsolanus  (qu.  Euros) 
Euronotos ;  Vultumus  (ouen,  Eunis) 
Notos;  Auster  .        .        «        . 
libs;  Africus     «... 
Zephyrus;  Favonius  -        .        - 
Corus;  Skirou;  Argestes    - 
Boreas,  &c.        *        -        -        - 


Modem  Nanwe. 


Situation 
upon  the 
Compass. 


North 

North-East 

East  « 

South-East 

South 

South-West 

West 

North-West 

North 


Degrees. 

0 

45 

90 

135 

180 

225 

270 

315 

360 


See  the  ex- 
planation ei 
tbeTnmpleol 
the  Winds  at 
Athens,  inVi* 
truviusy  1.  V 
cap*  6.  Ariit. 
Meteor.  1.  O, 
cap.  e,  Flinj 
II.SffiLAuidf 
GeiliusII.42, 
&c. 


COMPASS  OF  TWELVE  WINDS. 


Ancient  Names. 


Aparctias;  Septeotrio  (Boreas) 
Meses  (often  Boreas  and  Aquilo) 

Cnsias 

Apeliotes;  Subsolanus 

Euros;  Vultumus 

Phoenix;  Euronotus  - 

Notos ;  Auster   -        -        ..        . 

libonotus;  Libophoenix      * 

Ubs;  Africus     •        -        -        • 

Zephjros;  Favonius  - 

lapiz ;  Corns ;  Argestes 

Thracias;  Cercias 

Aparctias  ...... 


Modern  Names 
rly.» 


Situation 
upon  the 
Compass. 


North 

N.E.iN.-3^} 

N.E.iE.+S^} 

East  . 

S.E.iE.-3«4 

S.E.>S.+3*»i 

South 

S.W.4S.-3«| 

S.W.iW.+3^ 

West- 

N.W.»W.-3^1 

N.W.|N.+3^J 

North 


See  Arist, 
De  Mmnd^ 
Plinjy  n.S, 
Seneca,  NaL 
Quast.  ▼.  16.- 
Fortbecon» 
pass  of  84 
winds  ItNind' 
ed  upon  thii 
ofl2,S9eSau- 
maisa.  Exer- 
cit.    Plinian, 

87S— est. 


*  In  reckoning  from  the  north  round  the  compass,  we  can  thus  better  understand  the 
arrangement.  Navigators  reckon  bj  quarters  of  circles  only,  in  going  from  the  north  to 
vast,  or  to  west,  and  the  same  from  the  south  to  east,  or  to  west. 
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XII.— CSoftttftMcd. 
COMPASS  OP  THIRTY-TWO  WINDS. 


English  Name*. 


French  N 


Italian  Mamei. 


SituatloD 
upon  the 
CompaM 


North  (N.) 

N.  bv  E. 

N.N.E. 

N.E.  bv  N. 

N.E. 

N.E.  by  E. 

E.N.E. 

E.  by  N. 

Eut  (E.) 

E.  by  S. 

E.S.E. 

S.E.  by  E. 

S.E. 

S.E.  by  S. 

S.S.E. 

S.  by  E. 

South  (S.) 

S.  by  W, 

S.S,W. 

S.W.  by  9. 

S.  W. 

S.  W.  by  W. 

W.  S.  W. 

W.  by  S. 

West  (W.) 

W.  by  N. 

W.N.W, 

N.W  by  W. 

N,W. 

N.W,  by  N. 

N.N.W. 

N.  by  W. 

North 


Nord  (N.) 

N.  i  N.EL 

N.N.E. 

N.E.  i  N. 

N.E. 

N.E.  i  E. 

E.N.E 

E.  i  N.E. 

Est. 

E.  I  S.E. 

E.SJ:. 

S.E.  i 
S.E. 
S.E.  I 
S.S.E. 


E. 


S.E. 


i  s. 


1 

SUD. 

«  s.o. 
s.s.o. 
s.o. 

S.O. 
S.O.  «  o. 
O.S.O. 

0.  i  s.o. 

OVEST 

O.  »  N.O. 
O.N.O. 
N.O.  \  O. 
N.O. 

N.O.  •  N. 
N.NO. 
N.  i  N.O. 
Nord 


TlUMONTARA 

i  di  T.  Veno  greco 
Greco-TramontaDa 

idi  Greco  Veno  T. 
reco 

idi  Gr.  Veno  Levante 
reco-Levante 
i  di  LevaDte  V.  Greco 
Levaivte 

Ldi  Liv.  Veno  Scirocco 
ivante-Scirocco 
Ldi  Scirocco  V.  Levante 
IIROCCO 

i  di  Scir.  Veno  Ostro 
Ostro^Scirocco 
di  Ostro  V.  Scirocco 

RO 

i  di  Ostro  V.  libecdo 

Ostro-Libeccio 

^di  Ubeccio  V.  Ostro 

Libeccio 

I  di  Lib.  V.  Ponente 

roneDte-Ubeccio 

^di  Ponente  V.  Libeccio 

rOHENTE 

i  di  Ponente  V.  Maestro 

Maestro-Ponente 

X  di  Maestro  V.  Ponente 

SIaestro 

^  di  Maestro  V.  Tramontana 

Maestro  Tramontana 

4  di  Tram  V.  Maestro 

Tramontana 


22i 
33} 
46 
66J 
67| 
78} 
90 
101} 

iisl 

123| 

135 

146} 

167} 

168} 

180 

191} 

20S| 

213} 

226 

236} 

247} 

268} 

270 

281} 

29?} 

303| 

316 

326} 


360 
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Professor  Leslie,  to  whose  liberality  the  publishers  ^re  in- 
debted for  the  following  tables,  (XIII.  and  XIV.)  says,  ^^  I  have 
been  able,  after  a  delicate  and  patient  research,  to  fix  the  law 
which  connects  the  decrease  of  temperature  with  the  altitude. 
If  B  and  b  denote  the  barometric  pressure  at  the  lower  and  upper 

(B         h  \ 
-J "^  )  ^^  eipress,on  the  centigrade  scale, 

the  diminution  of  heat  in  ascent.  Hence,  for  any  given  lati- 
tude, that  precise  point  of  elevation  may  be  found,  at  which 

eternal  frost  prevails.  Put  ^  »  r  iu^d  t  ss  the  standard  tempe- 
rature ;  then  [ xj  25  ss  I,  or  x*  -|-  .04  tx  =s  I,  which  qua- 
dratic equation  being  resolved,  gives  the  relative  elasticity  of 
the  air  at  the  limit  of  congelation,  whence  the  corresponding 
height  is  determined.  From  these  data  the  following  table  has 
been  calculated. 

This  table  (XIII.)  will  facilitate  the  approximation  to  the' alti- 
tude of  any  place,  which  is  inferred  either  from  its  mean  tempe- 
rature, or  its  depth  below  the  boundary  of  perpetual  congelation. 
The  decrements  of  heat  at  equal  ascents  are  not  altogether  uni- 
form, but  advance  more  rapidly  in  the  higher  regions  of  the  at- 
mosphere. At  moderate  elevations,  however,  it  will  be  suffi 
dently  near  the  truth,  to  assume  the  law  of  equable  progression, 
allowing  in  this  climate  (66^  N.)  one  degree  of  cold  by  Faliren- 
heit's  scale  for  every  ninety  yaids  of  ascent,  and  for  every  hun- 
dred yards  in  the  tropical  regions. 

Dr.  Francis  Buchanan  Hamilton  found  the  temperature  of  a 
spring  at  Chitlong,  in  the  Lesser  Valley  of  Nepal,  to  be  \4^.1 
centigrade.  But  the  mean  temperature  in  the  parallel  of  27° 
SS'  being  22°.  8,  the  density  of  the  atmosphere  corresponding  to 
difference  8.1,  is  8510,  which  gives  4500  feet  for  the  corrected 
altitude. 
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Table  of  the  Decrease  of  Temperature  according  to  the 
MHtude. 
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lirti- 

thekvdof  the  teu 

Hdslitor 
Carve  of  Cod* 

iM&i  the  lerel  of  the  Sea. 

cJ^<^^ 

todb- 

sel^lMi. 

♦tiAf, 

nkttaD. 

0 

Centicnde, 

Vureiuieit 

■iS^ 

Centigmie. 

FabieDbdt 

"552?^ 

29<>.00 

84*.2 

15207 

46° 

13^.99 

57.2 

7402 

1 

28.99 

84.2 

15203 

47 

13.49 

56.3 

7*33 

t 

28.96 

84.1 

15189 

48 

12.98 

55.4 

6865 

3 

28.S)2 

84.0 

15167 

49 

12.43 

54.5 

6599 

4 

28.86 

83.9 

15135 

5 

28.78 

83.8 

15095 

50 

11.98 

53.6 

6334 

6 

28.68 

83.6 

15047 

51 

11.49 

52.7 

6070 

7 

28.57 

83.4 

14989 

52 

10.99 

51.8 

5806 

8 

28.44 

83.2 

14923 

53 

10.50 

50.9 

5548 

9 

28^9 

82.9 

14848 

54 

10.02 

50.0 

5290 

55 

9.54 

49.2 

5034 

10 

23.13 

82.6 

14764 

56 

9.07 

48.3 

4782 

U 

27.94 

82.3 

14672 

57 

8.60 

47.5 

4534 

12 

27.75 

82.0 

14571 

58 

8.14 

46.6 

4291 

13 

27.53 

81.6 

14463 

59 

7.69 

45.8 

4052 

14 

27.30 

81.1 

14345 

15 

27.06 

80.7 

14220 

60 

7.25 

45.0 

3818 

16 

26.80 

80.2 

14087 

61 

6.82 

44.3 

3589 

.17 

26.52 

79.7 

13947 

62 

6.39 

43.5 

3365 

18 

26.23 

79.2 

13798 

63 

5.98 

42.8 

3145 

19 

25.93 

78. 

13642 

64 

5.57 

42.0 

2930 

65 

5.18 

41.3 

2722 

20 

25.61 

78.1 

13478 

66 

4.80 

40.6 

2520 

21 

25.28 

77.5 

13308     • 

67 

4.43 

40.0 

2325 

22 

24.93 

76.9 

13131 

68 

4.07 

39.3 

2136 

23 

24.57 

76.2 

12946 

69 

3.72 

38.7 

1953 

24 

24.20 

75.6 

12755 

25 

23.82 

74.9 

12557 

70 

3.39 

38.1 

1778 

26 

23.43 

74.2 

12354 

71 

3.07 

37.5 

1611 

27 

23.02 

73.6 

12145 

72 

2.77 

37.0 

1451 

28 

22.61 

72.7 

11930 

73 

2.48 

36.5 

1298 

29 

22.18 

71.9 

11710 

74 

2.20 

36.0 

1153 

75 

1.94 

35.5 

1016 

30 

21.75 

71.1 

11484 

76 

1.70 

35.1 

887 

31 

21.31 

70.3 

11253 

77 

1.47 

34.6 

767 

32 

20.86 

69.5 

11018 

78 

1.25 

34.2 

656 

33 

20.40 

68.7 

10778 

79 

1.06 

33.9 

552 

34 

19.93 

67.9 

10534 

35 

19.46 

67.0 

10287 

80 

.87 

33.6 

457 

36 

18.98 

66.2 

10036 

81 

.71 

33.3 

371 

37 

18.50 

65.3 

9781 

82 

.56 

33.1 

294 

38 

18.01 

64.4 

9523 

83 

.43 

32.8 

226 

39 

77.51 

63.5 

9263 

84 

.32 

32.6 

167 

85 

.22 

32.4 

117 

40 

17.02 

62.6 

9001 

86 

.14 

32.3 

76 

41 

16.52 

61.7 

8738 

87 

.08 

32.2 

44 

42 

16.02 

60.8 

8473 

88 

.04 

32.1 

20 

43 

15.51 

59.9 

8206 

89 

.01 

32.0 

5 

44 

5.01 

59.0 

79S9 

90 

.00 

32.0 

0 

45 

14.50 

58.1 

7671 

• 

632 
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%*  Dr.  Brewster,  in  Part  I.  Vol.  IX.  of  the  Edinbai^h  ?iur 
losophical  Transactions,  gives  the  following  formnla  for  ascer- 
tainmg  the  mean  temperature  in  a  given  latitude,  in  the  old 
world.  If  T  denote  the  mean  temperature  in  anj  given  latitndef 
and  81^.5  the  observed  temperature  on  the  equator,  the  formula 
becomes 

Ts81''.5  COS.  lat. 


Table  of  Mean  Temperatures.                        1 

Maces. 

Lat.    .Obs.T.    CaUT. 

1               1 

Difference 

Equator 

0«  0'  8P  6(y8P  sc 

Rome 

41.  64  '60.  44  60.  66 

a>22'  + 

Paris 

48.  60  61.  89  63.  66 

1.76  + 

London 

61.  30  60.  36  60.  74 

0.  38  + 

Edinburgh 

66.  68  46.  23  46.  64 

0.69  + 

Stockholm 

69.  20  42.  26  41.  67 

0.69  — 

Abo 

60.  27  40.  00  40.  28 

0.28  + 

Uleo 

66.     3  ,33.  26  34.  38 

1.  12  + 

Melville  Island 

74.  47     1.  33!2I.  40  20.07  +| 

XIV. 

TiMe  of  the  most  Remarkable  Heighti  in  different  Parts  of 
the  World,  expressed  in  English  FuU  The  JUHtudes 
measured  6y  the  Barometer  are  marked  A,  while  those 
derived  from  Geometrical  OpenUions,  and  taken  chiefly  from 
the  ObservaHans  of  Qemral  Madge,  are  disHi^uished  by  the 
letter  B. 

Feet. 
4668  G 
3960  G 
6910  B 
2666  B 
2265  B 
2467  B 
8120  B 
4676  B 
1929 


SnsB  Fiall  JokuH,  an  the  north^weit  point  of  Iceland^ 

Hekla,  volcanic  mountain  in  Iceland^ 

Sulitelma,  in  Lapland,  ... 

Nuppi  Vara,  the  highest  of  the  table4and  in  Laplandy 

Lommijauri,  eUvated  lake  in  Lapland, 

Drifttue,  tike  kigheet  pastoral  hamlet  in  Norway, 

Sn&h&tta,  centre  of  the  Norwegian  mountains, 

Harebacke,  Alpine  ridge  of  Norway, 

Pap  of  Caithness,      .... 

Ben  Nevis,  Invemess^hire,  highest  mountain  in  Scotland^    4358  G 
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Cairngorm  ,*/nverfief«^/ktrf,    .            -            -            -  4080  B 

Caimsmair  upon  Deugh^  GaUoway^    ...  2597  6 

Ben  Lawers,  west  nde  of  Lock  Toy,  Perthhire^           -  3944  G 

Ben  More,  Perthshire^            ....  3870  B 

Ben  Lui,  or  the  Calf,  near  Tyndrum,             -            -  3651  G 

Schihallien,  Perthshire,          -            -            -            .  3513  G 

Ben  Voirlich,  near  Loch  Earn,           -            -            -  3207  G 

Ben  Ledi,  near  CalUndcr,  Perthshire,              -            -  2863  G 

Ben  Achonzie,  head  of  Olen  Tilt,       -            -            -  3028  G 

Ben  Lomond,  near  AberfoH,  Sterlingshire,       -            -  3191  G 

Cobbler,  near  Arochar,          ....  2863  G 

Ben  Clach,  in  the  Ochils,  ahwe  Alloa,             -            -  2359  G 
Lomond  Hills,  east  and  west,  Fifeshire,          -      1466  and  1721  G 

SontxvL  HVl,  on  the  ridge  of  Lammermuir,       -            -  1716  G 

Coulter  Fell,  Lanarib^irc,     ....  2440  G 

Camethy,  h^h  poim  of  the  Pentland  ridge,    .            •  1 700  B 

Tintoc  Hill,  LanaribAtre,      ....  2306  G 

Leadhills,  the  house  of  the  Director  of  the  mines,           -  1280  B 

Broad  Law,  near  Crook  Inn,  Peebles-shire,      -            -  2741  G 

Qneensbary  Hill,  Dumfrits-shire,       -            -            -  2259  G 

Caimsmair  of  Fleet,  Galloway,         -           -            -  2329  G 

Hart  FeU,  near  Moffat^          ....  2635  G 

Donrich  Hill,  Roxburghshire,             -            -            -  2421  G 

EUonmUB,  near  Melrose,  Roxburghshire,       -            -  1634  G 

Whitcomb  Hill,  PeeWes-fWre,             .            .            -  2685  G 

Lother  Hill,  Diiro/rtet-fWre,               -            -            -  2396  G 

MhsL  Rock,  in  the  Firth  of  Clyde,       -            -            -  1103  G 

Crif  Fell,  near  Acw  Abbey,  Kirkcudbright,      -             -  1831  G 

Kells  Range,  GaZ/oTvay,          ....  2659  G 

QoBi  Fell,  in  the  IsU  of  Arran,           -            -             -  2865  G 
Paps  of  Jnra,  sooth  and  north,  in  Argyleshire,      2359  and  2470 

SixesLFe\\,intheIsUofMan,             -            -            -  2004  G 

SonthBerole,  in /We  o/*Afan,             -            -            -  1584  G 

Macgillicuddy^s  Reeks,  County  of  Kerry,        -            -  3404  G 

Sliebh  Donard,  the  highest  of  the  Moume  Mountains,   -  2786  6 

Helvellyn,  Cumberland,         ...            -  3065  G 

SkidddLW,  Cumberland,            ....  3022  G 

Saddleback,  Cumberland,       ....  2787  G 

Whemside,  Yorkshire,            ....  2384  G 

Ingleborough,  Yorkshire,        -            -            -            -  2361  G 

Shunnor  Fell,  Yorkshire,       ....  2329  G 
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Roivo  Peak,  ike  highai  poimt  of  Madeira^ 

Table  Mountain,  near  ihe  Cape  of  Good  Hope^ 

Chain  of  Mount  Ida,  beyond  Ae  plain  of  Troy^ 

Chain  of  Mount  Olympus,  in  Anatolia^ 

Italitzkoi,  in  i/u  Altaic  ehain^ 

Awatsha,  volcanic  mountain  in  Kamtehatkaj   « 

The  Volcano,  in  the  hie  of  Bourbon^ 

Ophir,  til  the  centre  of  ^  Island  of  Sumatra^ 

St  Elias,  on  the  Western  coast  of  North  America^ 

White  Mountain,  in  the  State  of  Massachusetts^ 

Cldakhonz9^  highest  summit  of  the  Andes, 

Antiaana,  volcanic  mountain  in  the  kingdom  of  Quito, 

Shepherd  station  on  that  mountain,  - 

Cotopaii,  volcanic  motmtain  in  the  kingdom  of  Qjuito^ 

Tonguragua,  volcanic  mountain,  near  Riohomboj 

Kiicu  de  Pichincha,  in  the  kingdom  of  ^ito, 

Heights  of  Assuaj,  the  ancient  Peruvian  road^ 

Peak  of  Orizaba,  volcanic  mountain  east  from  Mexico^ 

Lake  of  Toloca,  in  the  kingdom  of  Mexico,    - 

City  of  Quito,  •  .  .  - 

City  of  Mexico,         .... 

Silla  de  Caraccas,  part  of  the  chain  of  Venezuela^  . 

Blue  Mountains,  in  the  Island  of  Jamaica, 

Pelee,'tn  the  island  of  Martinique, 

Morne  Garou,  in  the  Island  of  St.  Vincent^ s,    - 
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Feet. 

5162 

3520 

4960 

6500 
10736 

9600 

7680 
13842 
12672 

6230  B 
21440  B 
19150  B 
13500  B 
18890  B 
16579  B 
15940  B 
15540  B 
17390  O 
12195  B 

9560  B 

7476  B 

8640  B 

7431 

5100 

5050 


In  this  list  of  altitudes,  I  have  not  ventured  to  insert  the  Hi- 
malaya or  Snowy  Mountains,  the  Imaus  of  the  Ancients,  or  Great 
Central  Chain  of  Upper  Asia,  to  which  some  late  accounts  from 
India  would  assign  the  stupendous  elevation  from  23,000  to  27,000 
feet.  Such  at  least  are  the  results  of  observations  made  with  a 
amall  sextant  and  an  artificial  horizon,  at  the  enormous  distance  of 
226  or  232  miles,  as  computed  indeed  from  very  short  bases. 
But  even  with  the  best  instruments,  and  under  the  most  favoura- 
ble circumstances,  the  determination  of  minute  vertical  angles  is, 
from  the  influence  of  horizontal  refraction,  liable  to  much  uncer- 
tainty. The  progress  of  accurate  observation  has  uniformly  re- 
duced the  estimated  altitudes  of  mountains.  More  recent  state* 
ments  accordingly  diminish  those  heights  near  2000  feet 
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